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ABSTRACT
This study was conducted with the purpose of comparing a conven­
tional system (roughage and grain separately) of feeding dairy cattle, 
with the feeding of three complete feed mixtures containing different 
roughages. The rations (307, roughage and 70% concentrate were: (I)
alfalfa hay (long) and concentrate, each fed separately; (II) alfalfa 
hay (chopped to 2.5 cm)and concentrate in a complete feed; (III) cotton 
seed hulls and concentrate in a complete feed; and (IV) native grass hay 
and concentrate in a complete feed. All rations were fed ad libitum.
The objectives were to study the effect of these rations on:
1) digestibility of the rations, 2) feed, TDN and digestible energy (DE) 
intake, 3) milk and 4% FCM production, 4) fat, protein and solids-not- 
fat (SNF) percentages, 5) body weight changes, 6) health of the animals,
7) gross energy intake, 8) conversion of TDN, gross energy and DE to FCM, 
and 9) TDN and DE requirements for milk production.
Sixteen high-producing Holstein cows were blocked according to 
their level of production, stage of lactation and estimated real producing 
ability (ERPA), and randomly assigned to the four experimental rations.
The concentrate portion of the rations consisted of a mixture of ground 
yellow corn, soybean meal, cotton seed meal, urea, molasses, vitamins 
and minerals.
The experiment, which lasted 110 days, was initiated in January 
and finished in May, 1967. The animals were stanchioned and fed indi­
vidually three times a day and milked twice daily. The daily feed and
xiv
refusals were weighed in the mornings; milk weights were recorded at the 
milking parlor.
At the end of each ten-day period, the following observations of 
the cows were made: 1) feed intake, 2) body weight, 3) milk production,
4) milk composition (fat, SNF, protein), 5) animal health, and 6) feed 
efficiency and energy requirements for milk production. Milk fat per­
centage was determined every five days.
The digestibility of the rations was conducted utilizing eight 
mature wethers assigned to two squares of a 4 x 4 Latin-square design.
No difference was found in the digestible energy content of the rations. 
The theoretical TDN values overestimated the determined TDN values con­
siderably, especially those of the rations containing low quality rough­
ages .
The cows receiving the cotton seed hulls ration consumed signi­
ficantly (P^.05) more feed than the other groups. No significant 
differences were found in the milk and FCM production; however, cows fed 
ration IV had a significantly (P <  .05) higher SNF percentage than the 
other groups. All other milk constituents were not significantly changed. 
Rations I and III failed to maintain pretrial fat tests, while rations II. 
and IV had higher fat percentages. No significant differences were found 
in total gross energy intake, gross feed conversions or gains in body 
weight. The energy requirements for milk production found in this study 
were slightly higher than those reported in the literature, suggesting 
that cows fed complete feeds might have had higher requirements.
xv
Some health problems such as foot-rot, stiffness of the joints 
and mastitis were encountered in this study. Due to the small number 
of animals per treatment used in this experiment, the results obtained 
should be substantiated with further investigations. It appears that 




With the increasing production capacity of dairy cows and the 
concommitant reduction in the number of farms and an increase in herd 
size during the last few years, it has become imperative to seek new 
techniques and feeding systems. Lactating dairy cows, with the in­
herited potential ability to produce at higher levels, are frequently 
underfed their basic source for production (energy).
Increased labor costs, increased cost of available high quality 
roughages, and the automation of the dairy industry have compelled the 
dairy farmer to pursue other sources of nutrients without diminishing 
milk production.
Of the investigated feeds, roughages are still the most difficult 
to evaluate since most of their potential energy is localized in their 
cellulose and hemicellulose fractions. Chemical analysis is often the 
only measure for their nutritive value. However, due to the wide vari­
ability in the available energy of feeds with essentially the same chemi­
cal composition, this type of evaluation seems obsolete.
A more valid approach to the evaluation of feedstuffs would be 
to determine the amounts of digestible energy which these feeds supply 
to the animal, and an even better solution would be to evaluate the per­
formance of the animals when fed these feeds.
It has been observed that dairy cows will not voluntarily ingest 
enough roughage and concentrate to insure higher levels of production;
1
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therefore, other feeding practices must be sought to supply the adequate 
nutrients to the lactating cows. Recent studies have indicated certain 
advantages in mixing roughages and concentrates into one complete feed 
for lactating dairy cows. Such a mixture is known as a blended, a com­
plete feed, or an all-in-one ration.
A complete mixed ration containing both roughage and concentrate 
is easier to handle in a mechanized feeding program. It reduces the 
cost of labor and enables the farmer to use other available roughages 
of lesser quality which would not be consumed in the regular feeding 
systems presently used by the dairy industry.
Information on the value of a complete feed mixture to lactating 
dairy cows in a continuous feeding trial under Louisiana conditions is 
needed. Such factors as the kind and most efficient roughage to use in 
a complete feed, the effect of the addition of urea and molasses in such 
a ration, and its effect on milk production, milk constituents and feed 
efficiency has prompted this study.
It is the purpose of the present study to (1) compare the relative 
value of alfalfa hay, cotton seed hulls, corn cobs and native grass hay 
as sources of roughages for dairy cows in complete rations and (2) to 
compare the results obtained with those of a conventional ration in 
terms of digestible energy, milk production, milk constituents, and di­
gestibility of the nutrients.
REVIEW OF LITERATURE
Complete Feeds
In recent years, the trend of feeding a high proportion of con­
centrates and low levels of roughage in the dairy industry has been 
vigorously encouraged. Research has shown that the feeding of high 
concentrate-low roughage rations has resulted in an increase in milk 
production and a change in milk composition, particularly in decreasing 
the milk fat percentage.
Decreases in the milk fat percentage have also been reported in 
the feeding of roughages in a finely ground state, and/or pelleting of 
concentrates (10, 15, 16, 42, 74, 93).
Studies of complete feeds made in Mexico by Carrera (17), Valdez 
and Raun (105), and Villavicencio e_t a_1. (108), and in the United States 
by Emery ej: a_l. (22) have demonstrated that alfalfa hay, cotton seed 
hulls and corn cobs are excellent sources of roughage for ruminants in 
the areas where these roughages are produced. When used in a correctly 
balanced ration, these feeds are assumed to have the same nutritive 
value.
With increasing costs in labor, decreasing availability of high 
quality roughages and storage space, new developments in the feeding of 
dairy cattle have come into being. Among the new developments in feed­
ing, is the so-called complete feed.
3
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A complete mixed ration containing both roughage and concentrate 
is easier to handle in a mechanized feeding program than a ration in 
which roughage and grain are fed separately. (60, 102).
Although the feeding of complete rations is a new application for 
dairy cows, an attempt will be made in this review to summarize the in­
vestigations of other workers with regard to this method of feeding.
Effect of the Physica1 State of the Roughage on 
Milk Product ion and Milk Constituents
The mixing of roughage and concentrate into one complete feed is 
not a new concept, although it is a new application for feeding dairy cows. 
Rations employing very high proportions of concentrate have been success­
fully used with beef cattle (76). This type of ration, however, has not 
been suitable for dairy cows because it has caused a marked decrease in 
milk fat percentage, as well as adverse physiological effects (42).
As early as 1939, Powell (80) reported that feeding ground hay 
and concentrates to lactating dairy cows caused a marked decrease in the 
SNF and fat content of milk and Hayden (35) observed that cows fed finely 
ground hay refused to eat it. King and Hemken (43) reported that cows 
fed long hay and grain produced higher amounts of milk as compared to 
cows fed pelleted or ground hay, even though the animals fed the ground 
hay produced milk with increased protein and SNF content.
Porter et a_l. (79) , Slack e_t al. (97) , McCoy e_t al. (62) , and 
Leighton (49) have found that chopped hay was nutritionally effective 
for milk production as long hay, when fed to lactating dairy cows in 
conventional or complete feeds.
5
Results on the physical form of roughage fed to dairy cows in a 
complete feed have also been reported by Rodrigue and Allen (89). The 
experimental mixture used consisted of two parts of hay and one part of 
concentrate by weight. This mixture was fed to lactating dairy cows at 
the rate of three pounds for every hundred pounds of body weight. The 
hay fed was a mixture of alfalfa hay and grass hay which was ground to 
three different textures. The results of this experiment indicated 
that feeding coarsely ground hay did not cause a depression in the milk 
fat percentage. Similar results were reported by Ronning et a_l. (91).
Effect of Concentrates on Milk Production and 
Constituents
A decrease in the milk fat percentage was reported by Ronning (90) 
when cows were fed increasing levels of concentrates in pelleted and com­
plete rations. Similar results were obtained by Hawkins (33), and Bishop 
and Loosli (10).
Ensor e_t a l . (23) found that ground or pelleted hay produced milk
with decreased fat content. Van Soest (106) has reported that high con­
centrate-restricted roughage rations will cause a definite lowering of 
the milk fat percentage.
Dairy cows fed concentrate and roughage aH libitum responsed with 
increased milk production and a decline in the percentage of milk fat (10, 
22, 97); however, Brown e_t a_l. (16) have observed that cows fed ad libi­
tum concentrate responded with increasing milk production without a drop 
in the percentage of milk fat. Bernett and Olson (9) reported that when
6
the cows were offered a free choice of hay and concentrate, they did not 
consume enough hay to support milk fat percentage.
It appears from the results of these workers that ad libitum feed­
ing of concentrates and hay is not a practical thing to do when feeding 
dairy cows; therefore, other methods must be investigated.
Minimum Leve1 of Crude Fiber in the Rat ions
Van 9oest (1 0 6 ) has indicated that the maximum efficiency for milk 
production is obtained at the roughage-concentrate ratio when milk fat be­
gins to be depressed. Kesler and Spahr (4 2 ) have reported that of the 
total dry matter consumed by a dairy cow, 13 or 14% should consist of 
crude fiber in order to avoid milk fat depression and obtain the maximum 
feed utilization; however, Hawkins (3 3 ) indicated that rations containing 
above 167, crude fiber decreased milk production. It appears from these 
results, that the optimum level of crude fiber in a ration lies in the 
range of 13 to 157o in order to obtain the maximum feed utilization.
Roughage to Concentrate Ratio
Ronning (90) compared ad libitum feeding of complete feeds which 
contained ground alfalfa hay at different roughage to concentrate ratios. 
He reported that milk yield was greatest when the ration contained 307, 
concentrate and 70% roughage. The milk fat percentage for this ration 
was 2 . 170.
Putnam and Davis (82) compared the feeding of a long hay and con­
centrate ration with two complete rations containing 20 and 757, concen­
trate. Their study consisted of (I) a control ration of 8 lb of
7
concentrates plus free choice alfalfa hay and grass hay; (II) a low 
concentrate pelleted ration made up of 20% concentrates and 40% alfalfa 
hay plus an additional 40% supplementation of grass hay; (III) a high 
concentrate pelleted ration; and (IV) a high concentrate pelleted ration 
with 10 lb of grass hay added to prevent any depression of milk fat con­
tent. Rations III and IV contained 2.5% soybean meal, 10% molasses,
62.57o corn and cob meal and 25%, chopped hay. The effects of the treat­
ments showed no depression in milk fat percentage, although the high 
concentrate pellet ration (III) stimulated greater milk production.
Putnam and Davis (82), in a later study, compared rations I and 
II and found that the control ration produced higher yields of milk with 
a lower fat percentage (3.96% vs. 4.01%), as compared to the experimental 
ration. It is of interest to observe that in the first experiment, the 
production of the cows varied from 14.4 to 16.5 lb. per day, whereas, in 
the second experiment, the daily milk production for the animals was 32.4 
and 29.3 lb for the control and experimental rations, respectively.
Using sheep, Moir and Sommers (67), compared a conventional ration 
(roughage and concentrate fed separately) with a complete feed made up of 
a mixture of roughage and concentrate. They reported no significant dif­
ference in nitrogen retention, digestibility of the rations or volatile 
fatty acid production.
In 1952, Harshbarger (31) studied the effect of feeding three com­
plete feeds to lactating dairy cows. The rations fed were: (I) a self­
fed complete mixture consisting of 70% ground alfalfa hay and 30% 
concentrate; (II) the self-fed mixture of alfalfa and concentrate plus
8
silage; (III) a complete feed mixture containing 60% coarsely ground 
hay plus long hay and 40% concentrate. These three rations were fed to 
three pairs of cows. The average daily FCM production for the three 
groups was: <I) 30.65 lb; (II) 29.37 lb; and (III) 30.35 lb. respec­
tively. The results indicated no significant differences between 
treatments, suggesting that complete mixtures of coarsely ground hay and 
concentrates can be fed to lactating dairy cows without affecting milk 
production or health of the animals.
In 1964, Thurmon e_t a l . (103) of Southern Illinois reported their
results with the feeding of a complete feed mixture containing 30%> hay 
and 70% concentrate. These workers compared three methods of high level 
grain feeding: (I) ad̂  libitum feeding of grain and hay; (II) ad libitum
feeding of a mixture of 70% grain and 30% coarsely chopped hay; and (III) 
ad libitum feeding of hay with grain fed at the rate of 1 lb for each 2.5 
lb of FCM, in a switch-back experiment with high producing Guernsey and 
Holstein cows past their lactation peak. Cows fed the complete feed mix­
ture (II) consumed more TDN than their calculated requirements and showed 
an increase in milk production when compared to the group receiving the 
limited grain feed (III). The daily milk production for cows on rations 
I, II, and III was 42.39 lb (36.61 lb FCM), 43.42 lb (40.48 lb FCM), and 
39.20 lb (37.73 lb FCM), respectively. No adverse effects were found in 
the percentages of milk fat, SNF, and protein. The daily TDN intake and 
TDN/FCM for cows on each ration were: (I) 29.75 lb and 0.89 lb; (II)
25.49 lb and 0.64 lb; and (III) 21.57 lb and 0.64 lb, respectively.
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McCoy (59), in 1965, compared the feeding of three complete feeds 
to lactating dairy cows in a Latin square change-over design. The com­
plete feeds contained 30% roughage and 10% concentrate. Ration I con­
tained chopped alfalfa-orchard grass hay; II contained ground corn cobs; 
and ration III, cotton seed hulls. The mean daily feed intake for these 
rations was 39.5, 39.8, and 44.5 lb for complete feeds I, II, and III, 
respectively. These differences were highly (P*^ .01) significant. The 
mean daily and 4% fat-corrected milk (FCM) production for rations I, II, 
and III were 48.4, 44.8; 45.8, 42.9; and 48.3, 44.9 lb, respectively.
Cows on complete feeds I and III produced significantly (P^..05) more 
milk than cows on the ration containing corn cobs. No significant differ­
ences in percentages of milk fat and protein were found.
In 1965, in a study of complete feeds, Leighton (49) reported that 
20%, roughage in the ration failed to maintain milk fat percentage, and 
that increasing the level of roughage to 307» returned the percentage of 
milk fat to normal. The roughages studied by Leighton (49) were: (I)
chopped alfalfa, (II) ground corn cobs (plus urea), (III) cotton seed 
hulls (plus urea), and (IV) cotton seed hulls. The control ration con­
sisted of hay and corn silage plus a 16% protein concentrate. From the 
results of these experiments, it appears that a complete feed should 
contain at least 30% roughage to avoid marked depression of the percent­
age of milk fat or digestive disturbances.
Benz and co-workers (8) reported in 1966 that complete feeds con­
taining alfalfa haylage and cotton seed hulls, at levels of 30 and 40%,
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respectively, on a dry matter basis, were more effective in increasing 
the milk fat percentage than when cotton seed hulls made up only 30% of 
the complete feed,
High Energy Levels of Feeding
In 1963, Lovell and Rusoff (55) reported their results of a long 
term experiment to study the effect of feeding a highly fortified vita- 
min-mineral supplement with varying levels of roughage to concentrate on 
milk yield and composition. Results of this experiment indicated some 
evidence of increased fat-corrected milk production by cows fed the sup­
plement with low concentrate rations. No increase in FCM or in feed 
efficiency for milk production was observed in the group of cows fed the 
supplemented high concentrate rations.
Rusoff (94) has summarized the physiological effects of high grain 
feeding as (1) increased feed intake and milk production, (2) decreased 
butterfat tests, (3) decreased fiber digestibility, and (4) a reduction 
in metabolic heat production.
High concentrate feeding to lactating dairy cows was reported by 
Emery e_t aJL. (22) at Michigan State University. In their work, ground 
corn cobs were compared with ground hay in one trial and chopped hay in 
a second one. These roughages comprised 20%, of the ration. The results 
obtained indicated that ground corn ebbs were a better roughage than 
ground hay, and equal to chopped hay for maintaining feed intake and 
milk production. However, at this low level of roughage in the ration, 
all treatments failed to maintain the pretrial fat percentage in the milk.
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The effect of feeding high concentrate-low roughage complete 
rations during the summer months has been subject matter of the inves­
tigations of Leighton (48, 49). He compared the hot weather perform­
ance of thirty-six dairy cows (six Holsteins and six Jerseys per group) 
on three rations. The experimental rations were complete mixtures con­
taining 30% alfalfa hay, chopped or ground, and 70% ground sorghum grain. 
The control group received alfalfa hay and a 16% protein-concentrate 
mixture _ad libitum.
His results indicated that feeding ground hay at a 30% level in a 
complete feed did depress butterfat percentage; however, chopped hay at 
the same level supported normal fat tests.
Effect of Leve1 of Molasses in Complete Feeds
Komkris e_t a_l. (45) compared two levels of molasses (13% and 19.7%) 
in a complete feed and in grain and roughage fed separately. Twelve lac- 
tating Holstein cows were randomly assigned to three groups of four cows 
each and to three blocks of a 4 x 4 Latin square change-over design. The 
four treatments did not significantly influence daily milk production or 
470 FCM, percent butterfat, total solids or milk protein. Milk from ani­
mals receiving the complete rations tested lower in milk fat than that 
from animals receiving the comparable separately fed rations.
Digestion trials in which the four rations were fed to sheep 
showed that the digestibility of organic matter and NFE were influenced 
by the levels of molasses fed. High levels of molasses lowered the di­
gestibility of certain nutrients. It was observed that the completely
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mixed ration containing both roughage and concentrate was easier to 
handle.
Digestibility of Complete Feeds
McCoy at ah. (61) reported on the digestibility of three complete 
feeds and their diurnal excretion pattern during a short term experimen­
tal period. The roughages fed in the complete feeds were alfalfa orchard 
grass hay, corn cobs and cotton seed hulls at a 30% level in the ration. 
These complete feeds were fed ah 1ibitum to lactating dairy cows in a 
Latin square change-over design. The coefficients of apparent digestibil­
ity for dry matter, crude protein, ether-extract, and nitrogen-free extract 
were similar for the three complete feeds. The TDN values for the hay, 
corn cob and cotton seed hull complete feeds were 67.3, 62.9, and 65.9%, 
respectively; the mean daily feed consumption for these feeds was 17.6, 
16.1, and 17.1 kg, respectively. Daily milk production was 16.3, 18.8, 
and 19.3 kg, respectively.
Other Sources of Roughage for Complete Feeds
In 1967, Ward at ah. (109) reported that barley straw has been 
successfully used in complete rations for lactating dairy cows.
Randel (84) compared the ad_ libitum feeding of a mixture contain­
ing 1570 sugar cane bagasse and 85% concentrate with a conventional system 
of feeding (concentrates according to level of production plus grass and 
silage ad libitum) . The results of this experiment showed that the feed­
ing of the complete feed caused a definite increase in the level of milk 
production and in all of the milk constituents. The average daily milk
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production by the control and experimental cows were 35.7 and 47.4 lb. 
Average percentages of components in milk for the control and experi­
mental cows were as follows: fat, 3.16 and 3.32; protein, 3.09 and 3.59;
SNF, 8.7 and 9.37 and total solids, 11.92 and 12.69, respectively.
Commercial Feeding of Complete Feeds to Dairy Cows
Ward et a 1 . (109), in 1967, reporting on the commercial feeding of
complete feeds to lactating dairy cows, related that there have been no 
appreciable differences in milk fat tests, although cows on a conventional 
forage and concentrate ration may test slightly higher. Cows on complete 
rations seemed to be somewhat higher producers, and were fleshier than 
their counterparts. The rations fed to these cows contained 40% roughage 
and 60% concentrate.
In 1965, Welch e_t a_l. (Ill) reported on an economic study of dairy 
farms in Georgia which were feeding complete feeds containing 40% rough­
age and 60% concentrate. They concluded that complete feeds have a 
promising potential for certain herds where the management level is high 
and the cows have an inherent capacity to produce. Cows placed on such 
feeding systems late in lactation usually do not respond with higher milk 
yield, but with gains in body weight.
Adams (2), in 1967, reported that complete feeds appear to give 
better results when fed for only short periods of time (3 to 6 months) 
than in cases where it has been the sole source of feed for a year or 
more .
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Effect of Complete Feeds on Health of the Anima1s
Several problems have been encountered in the health of the ani­
mals when complete feeds have been fed for extended periods. Digestive 
disturbances, displaced obomasums, ketosis, decreased fertility, stiff 
joints and excessive drinking and urination have been observed (2, 84, 
109) .
Summary
It may be stated that there are many unanswered questions associ­
ated with the feeding of complete rations; however, it appears that most 
of the research in this area has been done in switch back experimental 
designs for short periods of time. To the present date, results of aver­
age producing cows show slight increases or no change in milk production 
and no change or slight decreases in milk fat percentage when the animals 
are fed a 70:30 concentrate to roughage ratio.
More information is needed on the value of built-in feed mixtures 
for lactating dairy cows on a continuous feeding trial under Louisiana 
conditions. Such factors as the kind of roughage to use, the effect of 
level of feeding on milk production, feed efficiency for milk production, 
and health of the animals need to be investigated.
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Energy
Methods of Expressing Nutritive Value
Calorimetry
Energy, the capacity to do work, and heat production are two en­
tities which are closely related. The heat generated upon combustion 
is thus a measure of the potential energy of foodstuffs, body tissue 
and excreta.
All measures of feed energy, except in the case of total diges­
tive nutrients, are expressed in terms of kilocalories. The initial 
step to determine the gross energy of feedstuffs is to obtain their
total energy or heat of combustion; these values are obtained by oxi­
dation of the sample material in a bomb calorimeter.
Although the gross energy value is the most common characteris­
tic to which all the organic substances are reduced, in most cases, its 
direct determination is time consuming and expensive (104). Other meas­
ures of determining the nutritive value of feedstuffs are commonly used, 
but all of them, the system involving the direct determination of the po­
tential gross energy of the feedstuffs should be looked upon as one of
the most accurate systems available.
Hawkins (33) stated that the use of the bomb calorimeter to meas­
ure energy values is effective in reducing the coefficient of variabil­
ity in biological experiments.
Digestible Energy
Digestible energy, a caloric measure, is the most recent addition 
to the evaluation of feedstuffs in this country. It is similar to TDN
16
in that it does not take into account energy losses in the urine or com­
bustible gases.
Digestible energy is obtained by subtracting the heat of combus­
tion of the feces from the gross energy of the feed. Digestible energy 
can be calculated by direct method (burning the samples in a bomb cal­
orimeter) or by the indirect method which uses the gross caloric factors 
of 4.15 for carbohydrates, 9.40 for fat and 5.65 for protein.
The use of the caloric factors should be regarded as a last resort 
when estimating the nutritive value of animal feeds since these values 
were obtained with average human diets.
In 1933, Overman and Gaines (77) advocated the use of digestible 
energy as a better measure to determine the nutritive value of feedstuffs 
than the commonly used TDN system.
Swift (101), in 1957, suggested the adoption of digestible energy 
in place of TDN, pointing out the superiority of this experimental pro­
cedure. Lofgreen (52) has pointed out that when TDN values for feedstuffs 
were calculated from values obtained with the bomb calorimeter, the esti­
mation of their nutritive value was more accurate than the conventional 
method; this is due to the fact that the bomb calorimeter gives the 
various nutrients their proper heat of combustion values.
Digestible energy is a direct measure of the disappearance of the 
organic nutrients present in a feedstuff as they pass through the diges­
tive tract.
Achacoso (1) stated that since one of the major functions of feed­
stuffs is to furnish energy, it is logical to focus attention on
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digestible energy without regard to whether the source of that energy is 
starch, cellulose or crude fiber.
Total Digestible Nutrients (TDN)
The term, "total digestible nutrients," has been used as a general 
measure of the nutritive value of the feed (57). TDN values have been 
calculated from data obtained in digestion trials. These trials have 
provided the basis to calculate the digestion coefficients for each of 
the nutrients in the feed, namely -- protein, fat, and carbohydrates. 
Morrison's feeding standards (69), which are undoubtedly the most widely 
used standards in the United States and other countries, are based on 
TDN as a measure of the energy requirements of animals and the energy 
value of the feed.
The TDN system is often criticized because it does not very ac­
curately assess the value of feedstuffs. Loosli (53) and Reid (86) have 
shown that TDN standards are deficient for modern goals of production 
with high producing cows. Several authors (52, 101) have pointed out 
the shortcomings and inaccuracies inherent in the determination of TDN 
values. In 1944, Maynard (58) cautioned against the widespread use of 
average values, as in the case of their use in the determination of TDN 
values.
Schneider, in 1954 (95), stated that the use of the TDN system 
lacks scientific concepts of nutrition theory when compared to other 
more accurate and modern systems.
McCoy e_t aĵ . , 1966 (61) , in a study designed to determine the di­
gestibility of three complete feeds, reported that the TDN value of
18
their rations, as calculated by Morrison's tables, was higher than the 
actual TDN value obtained by digestibility trials. Lovell and Rusoff 
(55), in 1963, in a study of the effect of feeding a highly fortified 
vitamin mineral supplement in a high and low concentrate ration for 
dairy cows, reported that the actual TDN values obtained for their ... 
rations were considerably lower than the corresponding estimated TDN 
values.
Similar results in the evaluation of forages were reported by 
Kane (41).
One of the main criticisms in the determination of TDN is the 
number of chemical analyses that have to be performed and the inaccuracy 
of such methods, especially when determining the carbohydrate portion of 
the feeds (1). TDN represents apparently digestible matter computed as 
the dietary-fecal difference (88). In order to obtain this difference, 
a large number of time-consuming and inaccurate chemical analyses have 
to be performed; therefore, the TDN system has to be looked upon as a 
laborious, cumbersome and indirect effort to determine digestible energy 
(101).
Because of the inconsistency of the TDN values obtained by dif­
ferent authors, and the use of different systems throughout the litera­
ture in evaluating feedstuffs, it appears that no one single system of 
feed evaluation has been proven to be infallible.
Feed Input-Output Relationships
The great number of reports which have been published during the 
last few years on the subject of feed input-output relationship gives
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clear evidence of the interest of this topic. However, from all these 
reports, no definite answer has yet been derived as a quantitative re­
quirement for optimum milk production of high producing dairy cows. This 
may be largely attributed to the great variety of roughages available 
for use, the wide range of concentrate-roughage ratio fed to the cows and 
the different energy systems which are found throughout the literature in 
making evaluations of feed input.
In 1961, in an extensive study by Reid (86), on the feeding stand­
ards for lactating dairy cows, he suggested that present standards are 
insufficient for the following reasons: a) they are based on data ob­
tained from low producing cows, b) the TDN value of the rations decreases 
with increasing feed intake, c) increased energy input above the feeding 
standards result in increased milk output, d) increase in the inherent 
genetic potential of dairy cows, e) current feeding standards do not 
take into consideration the energy stored by the cows during dry periods 
of feeding, and f) TDN values recorded in tables of feeding values and 
used in conjunction with feeding standards have been determined at or 
about the maintenance level of intake.
He postulated the TDN requirements per pound of FCM produced, and 
suggested that the requirements vary from 0.30 lb above maintenance for 
cows producing 0 to 10 lb of milk daily up to approximately 0.53 lb of 
TDN per pound of FCM for cows yielding 90 to 100 lb of FCM daily.
Morrison's feeding standards (69) and the National Research Coun­
cil's standards (71) are the most commonly used feeding standards in 
North America. They prescribe allowances of 0.31 to 0.32 lb of total
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digestible nutrients per pound of 4% fat corrected milk in addition to 
their allowances for maintenance, growth and pregnancy. Both Morrison's 
and National Research Council's feeding standards are based primarily on 
the observations obtained by Haecker (27, 28) from 1901 to 1914.
Despite the fact that in general, the feed input-milk output ob­
servations during the last few years (13, 16, 39, 83) have shown that 
feed inputs above the feeding standard level results in increased milk
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production, the feeding allowances of present day dairy cows are still 
of the same magnitude as those recommended by Haecker in 1903 (27).
Reid (86, 87), in 1956 and 1961, revealed that almost invariably, 
the output of milk increases, though at an ever-decreasing rate per unit 
of energy input, as the energy input is increased. However, Charron (18) 
reported that increasing the energy input to lactating dairy cows, resul­
ted in an increase in milk production, but also in an increase in feed 
efficiency (lb of TDN/lb of FCM). Although he did not conclude that 
energy requirements for production decreased with increasing level of out­
put, Reid (87) suggested that lower energy intakes by the low producing 
cows may possibly result in the same outputs of milk.
Similar increases in feed efficiency were reported by Loosli (53), 
although, there is not enough evidence with high producing cows to deter­
mine what their requirements are.
Jumah e_t al. (40), in 1965, in a study on energy and protein uti­
lization during lactation, reported that the average requirement for 
milk production for high producing cows was 0.29 lb of TDN per pound of 
4% FCM. In their work, they also pointed out that net efficiency of
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energy utilization was highest at the highest level of production during 
early lactation and gradually decreased with decline in production.
Armsby (3) calculated 0.285 lb of TDN was the requirement per pound of 
4%> FCM; whereas, Mullgaard (70) reported a value of 0.300 lb of TDN per 
pound of FCM produced.
In a more recent study by McCullough (63), it was reported that 
0.280 to 0.290 lb of TDN were required for every pound of 4% FCM produced 
by lactating dairy cows.
Moe e_t _al_. (66), in 1965, in a study designed to determine the
level of intake on digestibility of dietary energy by high producing 
cows, reported that the energy requirements increased per unit of milk 
produced, as the milk output or feed input per day increases. These auth­
ors postulated that the minimum requirements above maintenance for the 
production of a pound of 4% FCM varies from 0.317 for a cow producing 10 
lb of milk per day to 0.38 for a 100 lb producer. These factors are 
smaller than those reported by Reid (86), especially the requirements for 
high producing cows.
Reid (86) reported a value of 0.53 lb TDN/lb FCM for a 100 lb pro­
ducing cow; whereas, Moe et a_l. (66) reported a value of only 0.38 lb of
TDN/lb FCM for the same level of production. This is almost a 73% dis­
crepancy in the requirements for high producing cows.
Moe e_t a_l. (66) have rationalized from published calorimetric 
data that the mammary gland requires 0.3 lb of TDN to produce 1 lb of
milk having a combustion value of 340 Cal; other workers (34) at Auburn,
22
found that 329.5 Cal was the average energy content of a pound of 4% FCM 
from cows at university herd.
From the results of these investigations, it appears that modern 
feeding standards have mainly academic significance for cows which are
producing at levels in excess of 80 lb per day.
During early lactation, few present-day cows producing at very 
high levels will eat enough to meet their requirements for production 
and still maintain body energy equilibrium. Many cows appear to have 
the genetic potential to produce at their maximum, but do not have the 
appetite to consume enough energy for this production; thus appetite is 
undoubtedly the greatest limitation to large milk yields.
During this early lactation, it is not therefore surprising that
cows lose body weight, some of them have been noticed to lose up to 400 
lb (85) . It is also possible that later in the lactation, if the animals 
are given the opportunity to recuperate and restore the energy lost from 
their bodies, they will undoubtedly consume more energy than they require 
for production and maintenance. This replenishing period may have a re­
flection on fast gains in body weight. It is then clear that modern nu­
trient allowances for high producing dairy cows are in need of modern 
scrutiny.
Studies designed to determine the input-output relationship for 
lactating dairy cows under Louisiana conditions are necessary; other 
systems of evaluating this relationship (digestible energy/lb FCM, therms/ 
lb FCM) are in need of investigation, especially for high producing dairy 
cows fed ajd 1 ibitum complete feed mixtures of roughage and concentrate.
It is the purpose of the present study to determine the input- 
output relationship for lactating dairy cows using different systems 
energy expression.
EXPERIMENTAL METHODS
Statement of the Problem
One of the newest developments in feeding dairy cattle concerns 
the feeding of low roughage-high concentrate complete feed mixtures; 
this concept has been impelled by the increasing costs of labor, rough­
age and storage space, and by a decreasing availability of high quality 
roughages.
The objectives of the present investigations were: (a) to com­
pare the relative value of alfalfa hay, cotton seed hulls, corn cobs, 
and native grass hay in complete rations as sources of roughage for 
dairy cows, and (b) to compare the results obtained with those of a 
conventional system of feeding in terms of digestible energy (DE), milk 
production, milk constituents and digestibility of the nutrients.
First Phase. Digestibility Studies of 
Complete Feeds Us ing Sheep
In this phase, sheep were utilized as the experimental animals. 
The following observations were made in this study to determine the 
effect of the rations on: (a) feed intake, (b) DE by use of an adia­
batic bomb calorimeter, (c) digestibility of the rations, and (d) 




The experimental rations, calculated to be similar in TDN (65%), 
digestible protein (12.4%), and crude fiber (10.2%) using Morrison's 
tables (69), consisted of: (I) 30% alfalfa hay (long) and 70% concen­
trate fed separately; (II) 30% alfalfa hay (2.5 cms) and 70% concen­
trate; (III) 30% cotton seed hulls and 70% concentrate; and (IV) 30% 
corn cobs (ground) and 70% concentrate. The quality of the alfalfa 
hay (U. S. #1) was considered good. Ration I was designated as the 
control and was compared with the complete rations II, III, and IV.
Table I gives the composition of the experimental rations.
Assignment of Animals
Eight mature wethers, averaging 33 kg in body weight were selec­
ted from the Louisiana State University sheep herd. The animals were 
first placed on a seven-day standardization trial where they were fed 
the control ration (70% concentrate and 30%, long stem alfalfa hay ) .
This was done to accustom the animals to their new ration and environ­
ment; they were internally deparasited with phenothiazine at this time. 
At the end of this period, the sheep were weighed for three consecutive 
days and randomly assigned to two squares of a 4 x 4 Latin-square de­
sign. Each square consisted of four treatments, four periods, and 
four sheep (Table 2).
Individual metabolism cages (Figure 1) similar to those described 
by Hansard (30) were used to house the animals during the experiment.
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TABLE 1
Ingredients and Composition of Experimental Rations
Control Complete Rations
Ration Ingredient I II III IV IVa
- -  <%)--------------
Soybean oil meal (44%) 5 5 9 10 10
Cotton seed meal (417.) 4 4 9 9 9
Ground yellow corn 47 47 38 37 37
Molasses (Cane) 10 10 10 10 10
Urea 1 1 1 1 1
Alfalfa hay (long) 30* - - - -
Alfalfa hay (2.5 cms) - 30 - - -
Cotton seed hulls - - 30 - -
Corn cobs - - - 30 -
Native grass hay - - - - 30
Salt 1 1 1 1 1
Bone meal 2 2 2 2 2
Vit. A (10,000 I. U./gm) and
______________ 220 g./ton
Vit. D ( 5,000 I. U./gm)
Total 100 100 100 100 100




Sheep 1 2 3 4
Periods
I A* B C D
II B A D C
III C D A B
IV D C B A
*A - Ration I (30% alfalfa hay (long) and 70% concentrate)
B - Ration II (30% alfalfa (chopped) and 70%. concentrate)
C - Ration III (30% C.S.H. and 70%, concentrate)
D - Ration IV (30% ground corn cobs and 70% concentrate)
Figure 1. Sheep in Metabolism Cage
Figure 2. Sheep Metabolism Cages Located in an Open Shed Barn
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The metabolism cages were adapted with a fecal collection pan, feed box 
and water pail.
Duration of the Experiment
The experiment consisted of four consecutive ten-day experimental 
periods. During the last five days of each period, total collection of 
feces was obtained. Feed intake was recorded and samples of feces and
feed were composited and analyzed by conventional procedures. The ex­
periment was begun June 4, 1966 and completed July 21, 1966.
Management
The individual metabolism cages were placed in an open-shed barn 
(Figure 2). The animals were fed the calculated amount required, twice 
a day, at 8:00 A. M. and 4:00 P. M. Any feed left over was weighed in
the morning prior to the 8:00 A. M. feeding.
Feed allowance was calculated so that the animals had about 107Q 
left over to insure proper ad libitum feeding.
The feed was placed in a feed box, and the water, which was 
available at all times, was offered in a bucket fastened to the cage
to avoid water spilling over the feed.
The feces voided by the sheep were collected in the metal pan





The amount of feed offered to the animals in the morning and 
afternoon was recorded daily. The next morning, prior to feeding, 
feed refusals were collected and weighed to determine actual feed 
consumed by subtracting this refusal from the total feed allowance.
Dry matter of the feed was determined, and with this value, total dry 
matter intake for individual animals was calculated and recorded. Feed 
and fecal samples were taken daily for chemical analyses.
Palatability of the Rations
From the daily visual observations at feeding time and the 
weights of feed offered and refused, palatability of the four experi­
mental rations was estimated.
Chemical Analysis of the Feed and Feces
Feed samples were composited, and determinations for proximate 
analysis conducted according to the procedures described by the Asso­
ciation of Official Agricultural Chemists (5).
From the total collection of feces, aliquot samples of feces 
were obtained from each animal and placed in plastic bags; these bags 
were kept in the freezer (-20°C) until the end of the period, when 
they were removed, composited and analyzed for total crude protein.
Other aliquot samples were also obtained everyday and placed 
in nylon taffeta bags; these were weighed, and dried in a forced draft 
oven at 60°C for four days. The dried feces were then removed from 
the oven, weighed, and left standing in the room for twelve hours to
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allow balance with the air moisture. The samples of dried feces were 
then composited and ground in a Wiley mill adapted with a 2mm mesh 
screen. The composited samples of feces were analyzed for protein, 
fat, crude fiber, dry matter, ash, and NFE by the procedures de­
scribed by the Association of Official Agricultural Chemists (5).
Total cellulose in the feed and feces was determined by the 
Crampton and Maynard method as described by the AOAC (5). With the 
values obtained, cellulose digestibility was calculated by using the 
following formula:
(Amount of cellulose (Amount of cellur
Cellulose digestibility =  in  = --- lose in fecef> X 100(Amount of cellulose in feed)
In each period, duplicate samples of feed and feces were uti­
lized to determine total cellulose.
Digestible Energy
Duplicate air-dried samples of feed and feces were taken each
period and burned in a Parr adiabatic bomb calorimeter to determine
gross energy. Approximately one gram of air-dried samples was burned.
Calculations for DE were computed with the data obtained from the bomb
calorimeter.
Digestibility of the Rat ions and Total 
Digestible Nutrients
From the results of the chemical analysis of feed and feces, com­
putations for the digestion coefficients of protein, fat, crude fiber, 
nitrogen-free-extract and total dry matter were made and tabulated.
Total digestible nutrients were calculated using the digestion
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coefficients determined for protein, fat (x 2.25), crude fiber, and 
nitrogen-free-extract.
Second Phase. Experimental Procedures 
with Lactating Dairy Cowg
This study utilized 16 high-producing dairy cows from the 
Louisiana State University dairy herd as the experimental unit. The 
following observations were made with lactating cows to determine 
the effects of the rations: (a) feed intake, (b) energy consumption
and feed efficiency for milk production, (c) milk and 4% fat corrected 
milk (FCM), (d) fat, protein, and solids-not-fat (SNF) percentage in 
milk, (e) body weight changes, (f) palatability of the rations, and 
(g) health of the animals.
Rations Used
The composition of the four rations is shown in Table 1. When 
this experiment was initiated, it was impossible to obtain corn cobs 
as originally planned; therefore, it was decided that native grass 
hay would replace the corn cob ration. This ration still remained as 
ration IV, however, and in order to distinguish it from the ration con­
taining corn cobs, the small letter "a" was attached to it (see Table 
1).
The concentrate part of all the rations contained soybean oil 
meal, cotton seed meal, ground yellow corn, molasses, urea, minerals, 
and vitamins A and D.
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All the rations were prepared at the university farm. A hori­
zontal mixer designed to mix molasses, and with an approximate capacity 
of 700 kg, was used.
These rations were calculated so that the animals, when fed ad 
libitum would meet their minimum daily requirements for maintenance and 
production according to the National Research Council's (71) latest 
recommendat ions.
Assignment of the Animals
Sixteen Holstein cows which had made at least one previous lac­
tation record, and had been in production at least 50 days, were selec­
ted from the Louisiana State University dairy herd.
Each cow was assigned to one of four blocks on the basis of 
stage of lactation and estimated real producing ability (ERPA), and 
the four cows in each block were randomly assigned to the four experi­
mental rations (Table 3). One group of eight cows became available 
January 1, 1967 and the second group on January 20, 1967.
The animals were placed on a ten-day standardization period to 
enable them to get used to their new environment. During this period, 
they were fed the control ration ad_ 1 ibiturn. At the end of the stand­
ardization period, pre-experimental measurements were made on all the 
criteria which were to be evaluated during the duration of the experi­
ment .
This experiment was a continuous trial with 16 animals blocked 
according to production, and randomly assigned to the experimental 
rations within the blocks _/as described by Snedecor ( 9 8 .
Table 3
Previous History, Pre-experimental Data and Assigned Treatments
of the Experimental Animals












1 636 4 —  10 2 84 2516 6712
2 479 9 — 0 4 96 2628 6165
3 632 5 — 0 2 58 1806 7178
4 567 6 —  11 4 76 2285 68D8
1 562 7 —  0 3 60 1827 6833
2 679 4 — 0 1 63 1772 6486
3 623 5 — 3 2 68 2089 7054
4 667 4 - 4 2 52 1614 7287
1 699 3 - 2 1 111 3272 7673
2 656 4 - 5 2 58 1383 5278
3 634 4 —  11 2 71 2107 6922
4 650 4 —  7 1 53 1575 6848
1 588 6 — 3 2 92 3272 7821
2 649 4 — 6 1 109 2380 5086
3 631 5 — 0 2 66 2159 7506
4 696 3 — 6 1 73 1716 5957
a) I = Alfalfa hay long stem fed separate from concentrate; II = 30% alfalfa hay 
chopped to 2.5 cms, and 70% concentrate; III = 30% cotton seed hulls and 70% 
concentrate; IV - 30% native grass hay and 70% concentrate.
bf Animals were assigned to blocks on Jan. 10, 1967 for blocks 1 and 2, and Jan.
30, 1967 for blocks 3 and 4.
c/ Expected 305 was calculated after animals had been on standardization period
(10 day), Jan. 10, 1967 for blocks 1 and 2 and Jan. 30, 1967 for blocks 3 and 4.
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Duration of the Experiment
The experiment consisted of 12 periods of ten days each, with 
the first ten days being considered the standardization period. At 
the end of this initial period, the animals were blocked and assigned 
to their respective treatments for eleven periods or a total of 110 
days. The initiation date of this experiment was January 1, 1967, and 
the termination date, May 20, 1967.
Management
The cows were kept in individual stanchions (Figure 3) under one 
end of an open barn where individual managers and water cups were pro­
vided. The animals were stanchioned all day except for the time when 
they were being milked (7:00 A. M. and 5:00 P. M,) and a four-hour 
exercising period (11:00 A. M. - 3:00 P. M.); during the exercising
period, they were turned loose in the loafing lot. (Figure 4).
Three-foot length chains were used to fasten the cows to the 
mangers, enabling them to lie down comfortably. Wood shavings were
used for bedding and were replaced daily.
Feeding
In an effort to obtain true ah libitum feeding, feed was offered
three times daily (8:00 A. M. , 1:00 P. M. and 6:00 P. M.). The feed
was placed in individual bins adapted with manual dispensers. These 
bins were kept full at all times and a record of the daily feed was 
taken. At the end of each ten-day period, all bins were emptied, and
the weight of the feed left in the bins was entered as refuse.
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Figure 3. Cows in Individual Stanchions
Figure 4. Experimental Animals on Loafing Lot
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The feed allowance was calculated so that the animals had about 
10% left over to insure proper ad libitum feeding. Feed refusals for 
the control group were weighed prior to the morning feeding. Salt and 
bone meal were available in the loafing lot for free choice consumption
Collection of Data
Feed Intake
The amount of complete feeds placed in the mangers minus the 
amount of refused feed determined the amounts consumed which were re­
corded daily. For the control group, the roughage and concentrate were 
fed separately and, therefore, the weigh-backs were recorded separately 
as roughage and concentrate. Samples of feed offered and refused were 
taken daily and from them an aliquot sample was taken for chemical 
analys i s .
Palatability of the Rations
An attempt was made to observe palatability of the rations on 
the individual cows. The daily feed intake, rate of disappearance of 
the feed from the mangers, the daily feed weigh-backs, and the visual 
observations indicated the palatability of the rations.
Chemica1 Analys is of the Feed
Ten determinations for proximate analysis were made for each of 
the experimental rations and their individual ingredients. The proxi­
mate analyses of the feeds were determined according to the procedures 
described by the Association of Official Agricultural Chemists (5).
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Energy Consumption
The DE Intake was determined by multiplying the total dry matter 
intake actually consumed by the DE value of the feed, as determined by 
the sheep trial. The amount of dry matter consumed was determined by 
subtracting the refused dry matter from the daily feed dry matter.
The amount of DE (Therms) needed to produce one kilogram of 4% 
FCM was determined by using the DE values obtained in the first phase 
of the experiment. Feed efficiencies were calculated based on the mean 
daily energy intake and mean daily milk production.
Milk Production
Daily milk production was recorded at the milking parlor each 
time the animals were milked (7:00 A. M. and 5:00 P. M.). The total 
daily milk production was obtained and recorded daily, and from these 
figures, calculations for 4% FCM were made.
Milk Compos ition
On the tenth day of each period, samples from morning and after­
noon milkings were collected at the milking parlor and the percentages 
of protein, fat and SNF determined for each milking, separately. Milk 
fat percent was determined every five days from samples collected in 
afternoon and morning milkings and analyzed separately to obtain a 
true estimate of the afternoon and morning's production.
Milk protein was determined by the Kjeldahl procedure as out­
lined by the Association of Official Agricultural Chemists (5); milk 
fat was determined by the Babcock method (5), and SNF was determined 
by the lactometric method described by Watson (110). Duplicate samples 
of milk were used for each determination.
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Body Weight Changes
The animals were weighed three consecutive days at the beginning 
and at the end of the experiment, and at the end of each ten-day period 
during the time they remained in the experiment. The mean weight of 
the three consecutive weights was used as the initial and final weight.
Health of the Anima1s
Close observation of the animals during the duration of the trial 
was made to determine incidence of mastitis, digestive disturbances, 
general appearance and vigor. Special attention was paid to the in­
cidence of bloat in the experimental animals.
Statistical Analysis
The analysis of variance was computed according to the method 
of Snedecor (98) to test the significance of any differences obtained 
with the four rations. The following criteria were tested: feed con­
sumption, roughage and concentrate consumption, actual milk production, 
FCM production, fat, SNF, and protein percentage of milk, total fat 
production, TDN consumption, body weight, gross feed efficiency for milk 
production (kg TDN / kg milk), (kg TDN / kg FCM), milk efficiency, (kg 
TDN - maintenance / FCM) , net feed efficiency for milk production (DE - 
maintenance / kg FCM) and gross energy output.
Analysis of covariance adjusting for initial differences in pro­
duction were conducted for total FCM production, milk fat percentage, 
and milk fat production.
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The design of the experiment was a randomized block with a 
split-plot arrangement of treatments, in order to take out period 
effects and all interactions. The sources of variance were: blocks,
treatments, blocks X treatments, periods, blocks X periods, periods X 
treatments, periods X blocks X treatments.
Cow 562 was removed from the experiment at the end of the j  
seventh period because of bloat and her missing values were calculated 
in order to have an equal number of observations in each group.
RESULTS AND DISCUSSION
First Phase. Sheep Study
Rations Used in the Study
Each of the experimental rations used in this study contained 307, 
roughage and 70% concentrate. The roughage part of the rations were (I) 
alfalfa hay (long) and fed separately from the concentrate; (II) alfalfa 
hay, chopped to 2.5 cm and fed in a complete mixture; (III) cotton seed 
hulls fed in a complete mixture; and (IV) ground corn cobs fed in a com­
plete mixture.
Chemical Analysis of the Rations
Table 4 presents the proximate analysis of the experimental rations 
used with sheep. Table 5 shows the calculated chemical analysis for the 
same rations using Morrison's tables (69), and in addition, it shows 
when native hay was used as the source of roughage in the dairy cow 
study. The concentrate portion of all rations analyzed 16.17, crude pro­
tein, 7.78% crude fiber and 57.6% N F E .
Throughout the course of the experiment, individual samples of 
each of the rations and their ingredients were collected every other 
day and composited for each ten-day period. Each value shown in Table 4 
is the mean value for all the experimental periods.
Since the rations were mixed at the Louisiana State University 




Chemical Analysis of the Experimental Rations Fed to the Sheep
Ra t i on*




Fat 3.5 4.8 3.2 3.1
Fiber 8.1 8.8 15.0 13 .3
Mois ture 13.2 13.4 12 .2 11.3
Ash 7.4 6.9 6.3 6.3
NFE 51. 7 49. 7 36. 1 50.4
D.M. 86.8 86.6 87.8 88. 7
^Average of four chemical analysis for each ration.
TABLE 5
Calculated Chemical Analysis of the Experimental Rations
Rations
I II III IV IVa
Nutrient Control Alfalfa CSH Corncobs Grass Hay










Dig. protein 12.47 12 .47 12.00 12.30 11. 14
TDN 65.00 65.00 62 .39 63 .69 64.65
Crude fiber 10.24 10.24 15.75 11.90 11.90
Dry matter 86.22 86.22 85.94 85.88 86.30
ENE Cal/Kg 1369.00 1369.00 1287.00 1359.00 1354.00
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chemical analysis. In general, it can be observed that the calculated 
chemical values (Table 5) agree fairly closely with those obtained by 
the chemical analysis with the exception of crude fiber percentages.
There were small differences in the total protein percentage of the 
rations; these differences were due to the different protein content of 
the ingredieents used.
Digestibility Studies with Sheep
Many investigators have used sheep for determining the digesti­
bility of rations since this species is easier and more economical to 
work with; also, the results obtained are comparable to those when dairy 
cattle were used. Under the conditions of this experiment, the sheep 
consumed the experimental rations readily. No problem was encountered 
in bringing the animals on feed, even though these animals had been 
grazing previous to the time they were placed in the study.
A summary of the results obtained with the sheep is presented in 
Table 6. This table represents the average values using eight sheep in 
the four experimental periods. Values obtained for each period were cal­
culated separately and the means for each period pooled for convenience 
of presentation into one summary table.
Feed Intake Palatability of the Rations
The average daily feed intake for animals on ration I (control: 
alfalfa hay, long) and ration II (alfalfa hay, complete mixture) was
1.02 and 1.18 kg per day, respectively, which were not significantly 
different. Animals on ration III (cotton seed hulls) consumed only 0.8 
kg per day. The animals on the cotton seed hulls ration (III) consumed
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TABLE 6
Summary of Results Obtained with Sheep
Treatment
I II III IV
Observation Control Alfalfa CSH Corncobs
Av. daily feed intake (kg) 1.15 1.25 1.36 0.97
Av. daily feed intake 
(ADB, kg)b 1.02 1.12 1.22 0.88
Av. cellulose in feed (%) 8.95 9.55 16.37 17.48
Av. daily cellulose 
intake (kg) 0.10 0.12 0.22 0.17
Therms per kg of feed 4.25 4. 16 4.08 4.16
Digestible Energy/kg 
feed (Therms) 3.31 2.93 2.49 2.63
Av. daily feces (kg) 0.67 0.76 0.90 0.68
A v . daily dry matter 
excreted ADB (kg) 0.30 0.35 0.49 0.34
Av. cellulose in feces (%) 20.80 21.20 30.10 25.60
A v . daily cellulose 
excreted (kg) 0.06 0.07 0.14 0 .08
Therms per kg of feces 4.04 4.30 4.32 4.20
aAverage of four periods
bADB - Air Dry Basis or 90% dry matter
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significantly (P <  .05) more feed than the animals on any of the other 
three rations. The ration containing corn cobs was the least palatable 
ration of the four, and this low palatability was reflected in the lower 
daily feed consumption.
The ability of the sheep to consume significantly more feed con­
taining cotton seed hulls (III) could be explained by the lack of bulki­
ness in this ration, which might have allowed the ingesta to pass through 
the tract at a relatively rapid rate. Blaxter e_t aT. (11) and Rodrigue 
and Allen (89) have reported that non-bulky materials (pellets, ground 
hay, etc.) pass through the digestive tract at a much faster rate than 
bulky, long fibrous materials, thus decreasing the digestibility of the 
feed. The feces excreted by the sheep fed the cotton seed hulls ration 
(Table 6) shows a higher energy content (4.32 Therms), which suggests 
lower digestibility of the ration. The lower digestibility may then 
account for the considerably lower TDN coefficients obtained. Lovell 
and Rusoff (55) pointed out that consideration should be given to the 
apparent decrease in digestibility of concentrate concomitant to their 
proportionate increase in the ration.
Ration IV, being the least palatable of the rations, was consumed 
in lesser amounts than the other rations. On a TDN basis, and gross 
caloric value, this ration ranks about the same as ration III. These 
observations coincide with those reported by Carrera (17), Valadez and 
Raun (105) and Villavicencio et a l . (108) who stated that cotton seed
hulls and corn cobs, as sources of roughage for ruminants, had approxi­
mately the same nutritive value.
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Animals on rations I (control-alfalfa long) and II (alfalfa- 
complete feed) consumed approximately the same amount of feed through­
out the experiment. This suggests that the physical state of the hay 
(long vs chopped) did not have any effect on the animals under the con­
ditions of this study. Similar observations have been reported by Moir 
and Summers (67) and Thurmon (102).
Cellulose Intake and Excretion
The average daily cellulose intake and excretion by the sheep on 
the different rations were: (I) 0.10, 0.06 kg; (II) 0.12, 0.07 kg; (III)
0.22, .14 kg; and (IV) .17, .08 k g , respectively (Table 6). The sheep
fed rations I and II had similar cellulose intake and excretion, whereas, 
those fed rations III and IV had higher values, as expected.
Caloric Value of the Feeds and Feces
Ration I (control) had the highest caloric value (4.30 Therms/kg 
of feed) and ration III, the lowest (4.08 Therms^g of feed). The re­
verse was obtained in the feces , where the caloric value of ration I was
4.03 Therms/kg., and of ration III was 4.32 Therms^cg (Table 6). There were 
no statistically significant differences in the gross caloric values of 
the four experimental rations.
Digestible Energy
The mean values obtained for DE of the different rations were (I) 
3.13; (II) 2.93; (III) 2.49; and (IV) 2.63 Therms per kg of feed (Table 
6). To obtain the DE per kilogram of ration, the respective digestion
47
coefficients of each of the rations were multiplied by the Therms per 
kilogram of feed. The statistical analysis for DE is presented in 
Appendix Table la. The differences in the DE of the four rations were 
not significant. The use of corn cobs, cotton seed hulls or alfalfa hay 
as a source of roughage at the 30% level did not significantly affect 
the DE of the rations, and indicated that these roughages can be used 
satisfactorily as the only source of bulk in the rations of ruminants.
Digestion Coefficients
Table 7 presents a summary of the digestion coefficients and TDN 
obtained in the study with sheep. The dry matter, crude protein and NEE 
digestion coefficient percentages for the four experimental rations were
63.0, 85.0; and (IV) 63.8, 64.0, 71.0, respectively. These digestion
mental rations. The dry matter digestibilities were higher for the al­
falfa rations (I and II) and lower for the cotton seed hulls (III) and 
corn cobs (IV) rations. The same trend appeared for crude protein and 
NFE with the exception of ration III which had a higher digestion coef­
ficient for NFE. The digestion coefficients for crude fiber and cellu­
lose of the four experimental rations are shown in the same table. The 
digestion coefficient percentages for crude fiber and cellulose were as 
follows: (I) 35.0, 40.4; (II) 31.0,-37.0; (III) 28.0, 33.0; and (IV)
40.0, 46.0, respectively. These values were significantly (P-^.05) 
different for the four experimental rations.
as follows: (I) 72.9, 68.0, 84.0; (II).71.0, 67.0, 83.0; (III) 62.8,
coefficients were significantly different for the four experi-
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TABLE 7
Summary of Digestion Coefficients and Total Digestible 











Dry Matter 72.9 71.0 62.8 63.8
Digestible Energy 73.8 70.5 61.0 63.3
TDN* 63.0 61.0 55.5 57.0
Protein 68.0 67.0 63.0 64.0
Ether Extract 71.0 78.0 85.0 75.0
NFE** 84.0 83.0 74,0 71.0
Fiber 35.0 31.0 28.0 40.0
Cellulose 40.4 37.3 33.0 46.8
*Total Digestible Nutrients
**Nitrogen free extract 
\/ A v . of 8 determinations of each nutrient
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It can be observed from these results, that crude fiber and cel­
lulose digestibility are closely associated. A high crude fiber diges­
tibility is associated with a high cellulose digestibility. The ration 
containing corn cobs (IV) had the highest crude fiber and cellulose di­
gestibility. Ration III had the lowest crude fiber and cellulose diges­
tibility. Rations I and II, being essentially the same rations, had 
very similar digestion coefficients for crude fiber and cellulose.
It can be observed from Table 7 that there is a great similarity 
in the digestion coefficients of most of the nutrients in rations I and 
II, which is reflected in their similar TDN values obtained. This sug­
gests that the physical state of the roughage and form of feeding the 
concentrate and roughage did not affect the digestibility of the rations 
under the conditions of this experiment.
The fact that ration IV had a higher crude fiber and cellulose 
digestion coefficient than any of the other three rations may have re­
sulted in a lower feed intake of this ration by the sheep. Reid (86) 
has reported that the energy value of a feed decreases with increased 
feed intake, and so it may be assumed that at lower levels of intake, 
digestibility of the nutrients, especially crude fiber, would be in­
creased .
In general, the digestion coefficients of all the nutrients for 
the four experimental rations appear to be lower than those obtained by 
Kromkris and Morita (45) and Putnam and Loosli (83), and similar to 
those of Lovell and Rusoff (55), Bloom e_t aT. (14) and McCoy e_t al_. (61).
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Total Digestible Nutrients
The calculated TDN values, using Morrison's tables are shown 
in Table 5 and the TDN values obtained in the present study are pre­
sented in Table 7. The actual TDN values for the four experimental 
rations were: 63%, 61%, 55.5%, and 57% for rations I through IV, re­
spectively, and these values were significantly (P <  .01) different. 
When comparing the calculated TDN values with the actual TDN values, 
using the digestion coefficients obtained with the sheep, it was ob­
served that Morrison's standards tend to over-estimate the nutritive 
value of the rations in which a low quality roughage is used, as in 
the case of cotton seed hulls (CSH) and corn cob rations. Similar re­
sults have been reported by McCoy et aJL. (61) and Lovell and Rusoff 
(55). The rations containing cottonseed hulls (III) and corn cobs (IV) 
were 6.8%, and 6.7% lower in TDN than the calculated TDN values. The 
rations containing alfalfa (I and II) were 2.0% and 4.0% lower, respec­
tively, than the calculated TDN values.
Summary
From the results of these digestibility studies with sheep, it 
was observed that rations I (control) and II (alfalfa-complete feed) 
had higher TDN and digestion coefficients than either ration III or IV. 
Based on these results, the second phase was initiated with the purpose 
of determining the different effects these four rations would have on 
the'performance of lactating dairy cows.
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Second Phase, Nutritional Studies with Dairy Cows
Rations Used in the Study
The experimental rations used in this study were as follows: (I)
alfalfa hay (long) fed separately from the concentrate; (II) alfalfa hay 
(chopped to 2.5 cm), fed in a complete feed; (III) cotton seed hulls fed 
in a complete mixture; and (IVa) native grass hay fed in a complete mix­
ture. Each of the experimental rations used 30% roughage and 70% con­
centrate .
Chemica1 Analysis of the Rations
Table 8 presents the proximate analysis of the experimental rations 
and ingredients, while Table 5 shows the calculated chemical analysis for 
the same rations.
The determined crude protein and crude fiber percentages for the 
four experimental rations were: (I) 15.95, 11.32; (II) 15.95, 11.32;
(III) 15.93, 12.76; (IVa) 16.31, 12.47, respectively. When comparing the 
calculated chemical analysis of the rations (Table 5) with those determined 
by proximate analysis (Table 8), close agreement for most values are ob­
served with the exception of crude fiber for ration III, which was lower 
than calculated.
Summary of Response with Dairy Cows
Table 9 presents the daily means for feed consumption, milk pro­
duction, milk composition, gross efficiency, production requirements and 
body weight changes of the cows on the four experimental rations. Each 
section will be discussed in detail.
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TABLE 8
Chemical Analysis of the Experimental Rations and 
Ingredients Fed to the Lactating Cows
Ingredients Protein Fat Fiber Moisture Ash NFE D.M.
■ - - (%)
Ration I* 15.95 2.0 11.32 14.60 6.67 49.46 85.40
Ration 1* 15.95 2.0 11.32 1.460 6.67 49.46 85.40
Ration III1* 15.93 2.27 12.76 14.43 5.37 49.24 85.57
Ration IVa* 16.31 2.60 12.47 13.40 7.46 47.76 86.60
Alfalfa Hay 13.30 3.10 28.30 13.20 7.70 34.40 86.80
Concentrate 16. 11 2.25 7.78 15.45 5.82 57.59 84.55
C.S.H. 3.40 0.90 38.70 12.40 2.40 42.2: 87.6
Native Grass Hay 7 .00 2.00 31.90 9.20 7.00 42.9 90.8
Corn 8.90 3.90 1.90 13 .80 1.10 70.4 86.2
SBOM 44.60 2,60 10.00 9 .30 6.30 27.2 _ 9 0 V 7
C.S .M. 39.40 6.70 7.40 6.10 7.20 33 .2 93.9
Molasses 3 . 50 0.00 0.00 20.00 6.20 70.3 70.0
^Average of 10 chemical analyses for each ration and ingredient.
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TABLE 9
Summary of Responses Obtained with Lactating Dairy 





Total feed intake (kg) 23..8 23,.3 26,.9 22.,3
Concentrate (kg) 17..0 16,.3 18,.9 15..6
Roughage (kg) 6..8 7 .0 8 .0 6..7
Total D.M. (kg) 19..79 20 .35 23..04 19.,20
TDN (kg)* 15..0 14 .2 15 .0 12..7
DE (Therms) 64..11 65..39 63..72 58..45
Performance
Milk (kg) 27 .2 28..5 25..5 20,.3
4% FCM (kg) 22 . 5 23..4 20,.9 17..5
Milk fat (%) 2 ,.91 2 .77 2,.76 3..26
Milk fat (kg) 0 ,.78 0,.80 0 . 71 0.. 62
SNF (%) 8,.72 8..55 8,.49 8..91
SNF (kg) 2 ,.37 2 .44 2 .16 1,.81
Protein (70) 3..45 3..15 3 .17 3,.46
Protein (kg) .96 .90 .81 .70
Gross Efficiency
Kg TDN / kg FCM 0 ,.68 0 .63 0 .78 0,.78
Therms / kg FCM 3..99 4,.03 5..47 5..37
Therms DE / kg FCM 2 .93 2 .84 3,.33 3..57
Production Requirements
Kg TDN / kg FCM 0 .51 0 .46 0 .58 0 ,.52
Therms DE / kg FCM 2 .20 2 .15 2 .50 2 .57
Body Weight Changes (kg) 0 .50 0 .55 0 .62 0,.39
^Determined from digestion coefficients obtained with sheep.
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Feed and Dry Matter Consumption
The average daily feed intake and dry matter consumption of the 
cows on the different rations were: (I) 23.8 and 19.79 kg; (II) 23.3
and 20.35 kg; (III) 26.8 and 23.04 kg; and (IVa) 22.2 and 19.2 kg (Table 
9). Appendix Table 2a shows the mean values for daily feed intake by 
periods of the four experimental groups and Appendix Table 3a shows the 
statistical analysis for these data. Appendix Table 4a presents the 
dry matter intake of the cows on the experimental rations. It can be ob­
served that under the conditions of this experiment, feed intake and dry 
matter intake of the cows fed the complete feed containing cotton seed 
hulls (III) was significantly (P <  .05) higher than any of the other 
three groups.
Higher feed consumption for all the rations was observed at the 
onset of the experiment and continued until the end of the trial. At the 
end of the experiment (last 2 periods), the feed consumption had declined 
for all rations, but particularly ration IVa. The decline in feed intake 
for this group was reflected in a drastic reduction in milk production. 
Ration III, containing cotton seed hulls, showed the least decline of the 
four rations, with the cows in this group consuming the largest amount of 
feed throughout the experiment. This larger intake may have been due to 
a faster rate of passage through the digestive tract. Balch and Campling 
(6) and Blaxter e_t _al. (11) reported that the rate of feed passage through 
the alimentary tract was regulated mainly by the physical form of the 
crude fiber in the ration. Since cotton seed hulls had the smallest par­
ticle size of the four treatments, its passage through the digestive tract 
might have been similar to that of ground hay.
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According to Rodrigue and Allen (89) and Balch (6), ground hay 
passes through the digestive tract at a faster rate than field length 
hay. McCoy £t^ al^ (62) reported in 1966 that cows on a complete feed 
containing cotton seed hulls at a 30:70 roughage to concentrate ratio 
consumed significantly more feed than cows on either a ration containing 
alfalfa hay or one containing corn cobs as the source of roughage. Thur- 
mon (102) reported that cows fed a conventional ration (hay and concen­
trate separately) consumed significantly more than those fed a complete 
ration made up of chopped alfalfa hay and concentrate. He theorized that
dustiness of the complete feed and the added bulkiness could be the cause
of the differences in intake. In the present experiment, however, neither 
of these two suggested causes affected the feed consumption of any of the 
groups of cows fed the complete feeds.
It was observed that cows on the control ration (I), although they
were being fed roughage, and concentrate, ad libitum, balanced their in­
take at essentially the same ratio of roughage to concentrate that was 
consumed by the cows fed the complete feed mixtures. These observations 
coincide with those of Thurmon (102), who observed that cows fed ad libi­
tum roughage and grain tended to balance their intake at a 30:70 ratio; 
on the other hand, Bernett e_t a_l. (9) reported that cows fed concentrate 
and roughages ad libitum, ate 22% of the total feed in the form of rough­
age .
In general, the feed consumption of the cows in this study was 
higher than those reported by McCoy (59) and Thurmon (102) and similar to 
those of Harshbarger (31).
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Palatability of the Rations
Under the conditions of this experiment, ration III was the most 
palatable ration, and ration IVa, the least palatable. Rations I and 
II showed no difference, as the cows accepted either ration willingly.
Grain and Roughage Consumption
Appendix Tables 5a and 6a present the results of the average 
daily grain and roughage consumption for the four experimental groups.
The mean daily grain and roughage consumption by the cows was: (I) 17.0
and 6.8 kg; (II) 16.3 and 7.1 kg; (III) 18.9 and 8.1 kg; and (IVa) 15.6 
and 6.7 kg (Table 9). These differences were found to be significantly 
( P <  .05) different (Appendix Tables 7a and 8a).
The animals fed the ration containing cottonseed hulls consumed 
significantly more grain and roughage than any of the other three rations. 
Animals on ration I consumed slightly more grain than those on ration II 
(17.0 vs. 16.3 kg per day). The group fed the native grass hay ration 
(IVa) had the lowest roughage and grain consumption.
The grain and roughage consumption for the animals in this study 
are greater than those reported by Bell e t a l . (7) and McCoy e_t a_l. (62)
and similar to those of Brown e_t a_l. (16) .
Total Digestible Nutrients Intake
The total digestible nutrients (TDN) values obtained with the sheep 
digestibility studies were used to calculate the average daily TDN intake 
of the cows.
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At the initiation of the study with lactating cows, it was not
possible to obtain corn cobs as a source of roughage for ration IV, so
it was decided that native grass hay would replace the corn cob por­
tion of the ration on an equal basis. This new ration was named IVa to 
distinguish it from the corn cobs ration (IV) used in the sheep study.
In order to determine the TDN and DE values of ration IVa, two 
mature sheep were placed in metabolism crates and two digestibility 
trials were run in exactly the same manner as those previously conducted 
(see Experimental Procedures). The TDN and DE values obtained for this 
ration were 57% and 66.7%, respectively. These values were used to deter­
mine the TDN and DE intake of the cows on ration IVa.
Appendix Table 9a shows the results, by periods, of the TDN in­
take by the cows in this experiment. Appendix Table 10a presents the
statistical analysis. The mean daily TDN intake for the cows fed the
four experimental rations was: (I) 15.0 kg; (II) 14.2 kg; (III) 15-0
kg; and (IVa) 12.7 kg (Table 9). These values were not significantly 
different under the conditions of this experiment.
The average body weight of the cows in this experiment was 582 kg, 
and their daily FCM production was 21 kg. According to Morrison's feed­
ing standards, a cow with this weight and level of production needs ap­
proximately 10 kg of TDN per day. It is then observed that the cows on 
this experiment were eating (12.7 to 15.0 kg TDN) well above their mini­
mum requirements for maintenance and production. The TDN intake of these
cows was greater than those reported by Bernett e_t a_l. (9) , Thurmon (102) ,
Lovell and Rusoff (55), and similar to those reported by Harshbarger (31).
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Milk Production and Milk Constituents
Actual milk production and FCM production, by periods, are pre­
sented in Appendix Tables 11a and 12a. The analysis of variance for 
milk and FCM production is shown in the Appendix (Tables 13a and 14a), 
as is the presentation of covariance analysis for FCM adjusting for 
initial difference in production (Appendix Table 15a).
Milk - The mean daily production of the cows on the four experi­
mental rations was (I) 27.2 kg; (II) 28.5 kg; (III) 25.5 kg; and (IVa)
20.3 kg (Table 9). Even though there was a difference of 6.9 kg per day 
between rations I and IVa, these differences were not statistically sig­
nificant .
In order to observe the milk persistency curves of the animals on 
their different rations, their expected lactation curves were calculated 
using the persistency figure of 0.9144. This figure, devised by Corley 
(19), was used for each cow starting at her peak production and calcu­
lating the decline for each 30-day period. The differences between the 
actual and expected milk production were used as a measure of the effec­
tiveness of the ration in increasing milk production. Figure 5 shows 
the deviations from the expected production; Appendix Table 16a presents 
the statistical analysis.
Even though during most of the experiment cows fed on ration IVa 
produced below their expected levels, the differences between this ration 
and the other three were not statistically significant. It can be ob­
served from Figure 5 that cows on rations I, II, and III had similar 
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Figure 5. Total milk production deviations from expected for the four 
groups of cows fed the experimental rations.
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while ration IVa produced a faster drop in production than any of the 
other three rations. This drop in production may be due to the fact 
that in this ration, there were, by chance, two cows with the lowest 
inherent potential for milk production. It has been pointed out by 
Olson (73) that complete feeds have promise for animals having high 
genetic capacity to produce and lower producers do not respond with 
higher milk yields but with gains in body weight. It is not therefore 
surprising that these two low producers held the average of this group 
down. The energy input of these cows, since they did not have the milk 
production capacity, was obviously channeled into a lipogenic type metab­
olism judging by their consistent increases in body weight.
On the other hand, some of the high producing cows in this study, 
especially at a time when production passed the 35 kg per day, were uti­
lizing their body tissues as energy sources for milk production. These 
losses in body tissue were reflected in drastic losses in body weight, 
even though they were fed acl libitum. Similar observations have been 
reported by Reid (86, 87) and Moe e_t aT. (66) .
Fat-Corrected Milk (FCM)
The average daily FCM production for the four groups of animals 
fed the experimental rations were 22.5 kg, 20.9 kg, and 17.5 kg for 
rations I, II, III, and IVa, respectively. Figure 6 illustrates by 
periods, the FCM production of the cows. There were no statistically 
significant differences in FCM between the four experimental rations. 
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Figure 6. Mean of daily FCM production for the four groups of cows 
fed the experimental rations
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decline in milk production with advancing stage of lactation. Ration II 
had the highest level of production and ration IVa the lowest. Rations 
I and II had very similar levels of production, suggesting that the phy­
sical state of the roughage and system of feeding did not affect the per­
formance of the animals.
A least significant difference (LSD), as described by Snedecor (98), 
was calculated to determine the minimum value necessary to be significant. 
It was observed that the milk production difference between rations II and 
IVa was 5.9 kg per day and according to the LSD test, only 6.7 kg were 
needed for this comparison to be significant.
The milk production of all cows in this experiment was higher than 
that obtained in other experiments with complete feeds as reported by Put­
nam and Davis (82), Leighton (48, 49), Ronning (90), Komkris and Morita 
(45), and similar to production levels reported by Emery e_t â l. (22), McCoy 
(59), Thurmon (102) and Benz e_t _al. (8). It is of interest to note that 
the results of the majority of these authors were obtained with relatively 
short time experiments, whereas, those reported in the present study are 
the mean values of a continuous (110 days) investigation.
Milk Constituents
Milk Fat
Appendix Tables 17a and 18a present the mean values, by periods, 
for fat percentage and fat production of the four experimental groups.
Their respective statistical analysis can be seen in Appendix Tables 19a 
and 20a. The milk fat percentages obtained, under the conditions of this
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experiment were: 2.91, 2.77, 2.76 and 3.26 for rations I, II, III and
IVa, respectively. These values were not significantly different. The 
low fat percentages for these four groups, when compared to the data of 
other experiments with complete feeds may have been due to a dilution 
effect since the majority of the cows in this study were very high pro­
ducing animals (16, 31, 59, 102).
Cows on the control ration showed a decline in milk fat percentage 
during the course of the experiment (see Appendix Table 17a). At the be­
ginning of the experiment, these cows had a milk fat percentage of 3.18 
and at the end of 110 days averaged 2.91%. The group of cows fed the 
same experimental ration in a complete feed (ration II) showed slight in­
crease in their milk fat percentage during the experimental period. The 
cotton seed hulls ration (III) had a depressing effect on milk fat per­
centage, whereas, ration IVa produced a slight increase during the course 
of the experiment. Since these results were obtained with a small number 
of animals in each treatment, no definite conclusions can be drawn, and 
further experimentation is necessary in this area.
The low fat percentage of the control cows may be due to the fact 
that these animals were given a choice of selecting their roughage and 
concentrates at will. This being the case, some animals may have con­
sumed these feeds at different daily ratios throughout the experiment 
which caused a depression in their milk fat percentage, especially if the 
cows consumed more grain than roughage. Ration II, since it was offered 
in a constant form, prevented these daily variations observed with ration 
I and also a marked depression in the milk fat. Thurmon (102) reported
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similar observations, although the cows, in his experiment, had a higher 
milk fat percentage than those in this study. Komkris and Morita (45) 
and Thurmon (102) also reported increased milk fat production with the 
complete feed when compared to aci 1 ibitum feeding of grain and roughage.
Leighton (49) found no difference in fat percentage between the 
control ration and a complete feed at a 30:70 roughage to concentrate 
ratio; however, when the level of roughage was dropped to 20%, it was 
observed by other investigators (22, 45) that complete feeds failed to 
maintain the pre-trial level of milk fat.
The results obtained in the present study show a slight increase 
in the milk fat percentage for the complete feeds, II and IVa, and a 
slight decrease for rations I and III. The observation of a lowered 
milk fat percentage for animals fed concentrate and roughage arl libitum 
corroborates the results obtained by Bell et al. (7), Olson et ^l. (74), 
and Van Soest (106).
Milk Protein
Appendix Table 21a shows the average daily milk protein percentage, 
by periods obtained in the present study, and Appendix Table 22a presents 
the statistical analysis.
The average milk protein percentages for the experimental rations
were: (I) 3.45, (II) 3.15, (III) 3.17, and (IVa) 3.46 (Table 9). There
were no statistically significant differences between the four treatments. 
Ration III failed to maintain pre-trial protein percentage, but it was
maintained by the other three rations. The results obtained in this ex­
periment are in agreement with those of other workers (8, 45, 62, 102).
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Solids-not-fat (SNF)
Appendix Tables 23a and 24a present the SNF percentages and sta­
tistical analysis obtained for the experimental groups. The average 
daily SNF percentages were: (I) 8.72, (II) 8.55, (III) 8.49, and (IVa)
8.91, and these values were significantly (P^^.05) different. Ration 
IVa produced the highest SNF value of the four rations and ration III, 
the lowest. It is interesting to note that the same trends observed for 
protein were observed with SNF. There appeared to be a direct relation­
ship between the protein and the SNF percentages. This direct relation­
ship had also been observed by Rook (92) and Thurmon (102). Other workers 
(8, 49) have reported no significant differences in the SNF produced by cows 
fed on complete feeds at a 30:70 roughage to concentrate ratio, which may be 
due to short-term studies. The high percentages of protein and SNF produced 
by group IVa appear to be related to the lower milk production of these cows.
Body Weight
The average body weight, by periods, of the four groups of animals 
fed the experimental rations is presented in Appendix Table 25a. Appen­
dix Table 26a presents the statistical analysis. The mean body weight 
values for these groups of cows were: (I) 592 kg, (II) 549 kg, (III)
597 kg, and (IVa) 593 kg. The average daily gain by groups were: (I)
0.50 kg, (II) 0.55 kg, (III) 0.62 kg, and (IVa) 0.39 kg (Table 9). There 
were no statistically significant differences between the four groups.
It was observed that, under the conditions of the experiment, the 
cows consumed sufficient energy to enable them to undergo a considerable
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degree of fattening in addition to giving high milk yields. Most of 
the gains in body weight were obtained during the first 40 days of the 
experiment, which suggests that these animals\ were replenishing their 
body stores after calving. These cows entered the experiment just after 
they had reached their peak of lactation. Most of them had lost consid­
erable weight due to their high energy demands for milk production; 
therefore, when these animals were given the opportunity to consume more 
energy than they required for milk production and maintenance, they re­
sponded by replacing the body stores of fat used early in the lactation.
As pointed out by Reid (85), some high-producing animals may lose 
up to 100 kg or more of body weight during their first 75 days of lacta­
tion. The fact that most of the body weight gains of the animals in this 
study were made at the beginning of the experiment and decreased there­
after, suggests that the cows were replacing their body energy stores.
The total body weight gains for the four groups during the entire experi­
ment were: (I) 55 kg, (II) 61 kg, (III) 68 kg, and (IVa) 43 kg. These
results corroborate the findings of other workers (9, 102) that more 
liberal methods of feeding results in higher body weight gains.
Health of the Animals
Under the conditions of this experiment, health problems were en­
countered with a few of the cows.
The incidence of clinical mastitis was high at the onset of the 
experiment in a few cows and decreased thereafter; however, no particular 
group seemed to be affected more than the others.
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A  condition of stiffness developed in four of the animals, con­
dition which turned into a serious case of foot rot for two of these 
cows on ration IVa. One of the animals, at the end of the experiment, 
came down with an acute case of leukemia. The other cow was so lame 
that she had to be sacrificed. A post-mortem examination showed no 
clinical symptoms of disease or any other digestive disturbances.
At the end of the 80 days, one cow on the complete feed contain­
ing alfalfa (II) bloated. The condition became serious and the animal 
had to be taken out of the experiment. This cow, however, kept bloating 
on the regular herd feeding, which suggests she was a chronic bloater.
On just three occasions, two cows went off feed; one of them fed 
on ration (II) (2 times) and the other on the cotton seed hulls ration 
(III). They went off feed for one day and then came back on full feed 
without need of treatment.
It appears from the observations of this study that the housing 
system was mainly responsible for most of the health problems encountered 
in this study since the animals had to be stanchioned most of the time 
on bedded concrete floors.
Most of the cows moved slowly and showed signs of laziness when 
taken to the milking parlor; however, they were very active when turned 
out for exercising every day.
These observations agree, in general, with those made by Randel 
(84), Adams (2), and Bernett et̂  al. (9), who reported allergic swellings, 
lameness, stiffness of the joints, etc., when the cows were fed complete 
feeds for continuous periods of time.
68
Whether or not the rations were responsible for the problems en­
countered cannot be definitely asserted; however, more information on 
this subject is needed before a concrete answer can be attained.
Input-Output Relationship
Gross Energy Intake
Appendix Table 2 7a shows the average daily gross energy intake by 
periods of the four experimental groups.
The mean daily gross energy intake (Therms) for the cows on the 
four rations were: (I) 86.95; (II) 92.2; (III) 104.04; and (IVa) 87.68.
Ration III had the greatest gross energy intake as expected, since the 
cows on this ration also consumed the greatest daily feed intake (Table 
9). When comparing the initial gross energy consumption of the four 
groups (determined during their preliminary period) with the average gross 
energy intake for the entire experimental study, it can be observed that 
with the exception of group III, all the groups had very close energy 
intakes. Group III consumed considerably more energy from the very first 
time they were placed on their complete feed. This group of animals con­
sumed only 81.9 Therms per day during the preliminary period. At the end 
of the first period, their consumption had increased to 114.5 Therms.
It appears from these results that the high level of gross energy 
intake of the group fed on ration III was probably due to the poor qual­
ity roughage which resulted in a large ruminal fill. This, in turn, re­
sulted in an increased passage rate of the more digestible part of the 
ration. This hypothesis is based on the high caloric value of the feces
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voided by the animals fed the cotton seed hulls ration. Similar obser­
vations were reported by Blaxter esjt jal. (11) , and Moe e_t aT. (66) .
The gross caloric intakes by the cows in this experiment are 
above those reported by Flatt (24) with average producing cows.
Digestible Energy Intake
Appendix Table 28a presents the average daily DE intake by periods 
of the four experimental groups.
The mean daily DE intake for the four groups were: (I) 64.11
Therms; (II) 65.39 Therms; (III) 63.72 Therms; and (IVa) 58.45 Therms 
(Table 9). Cows on rations I, II, and III had very similar DE intakes, 
while those on ration IVa had the lowest value.
When comparing the results obtained in the present study with
those of other workers (32, 96), animals on the complete feeds had slightly 
higher DE intakes than cows fed on conventional rations.
Gross Feed Efficiency for Milk Production
Gross feed efficiency was studied in four ways: (a) kg TDN / kg
of milk produced; (b) kg TDN / kg of FCM; (c) Therms of gross energy / 
kg FCM; and (d) Therms of DE / kg FCM. Appendix Tables 29a, 30a, 31a, 
and 32a present these feed efficiencies by periods and Appendix Tables 
33a, 34a, 35a, and 36a show their statistical analyses for differences 
among the four treatments for any of the observations.
The mean conversion values of the four groups for kg TDN to kg 
milk; kg TDN to kg FCM; Therms of gross energy to kg FCM and Therms of DE
to kg of FCM were: (I) .56, .68, 3.99, 2.93; (II) .50, .63, 4.03, 2.84;
(III) .63, .78, 5.47, 3.37; and (IVa) .69, .78, 5.37, 3.57, respectively
(Table 9).
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The similarity of conversion values for rations I and II suggests 
that the complete feed mixture was satisfactory for maintaining good 
milk production without sacrificing feed efficiency. The control cows, 
even though they were fed ad libitum grain and roughage, maintained a 
feed intake and gross feed efficiency very similar to their counterparts 
fed the complete mixture. Thurmon (102) reported in his study that the 
group of cows fed grain and hay ad libitum were less efficient in convert­
ing TDN to FCM than the group fed the complete feed mixture.
The values obtained in the present study are similar to those re­
ported by other authors (7, 16, 55, 102). It has been postulated by 
Thurmon (102) that the mixing of chopped hay with concentrates may result 
in better feed utilization than the feeding of long hay and concentrates 
in a separate form; however, under the conditions of this experiment, it 
appears that the control ration was more efficient in feed utilization than 
the complete feed mixtures, with the exception of ration II.
Milk Production Requirements
Milk requirements, as used in this study, were defined as the Therms 
of DE or kg of TDN necessary to produce one kg of 4% FCM after the main­
tenance requirements had been deducted. These conversion coefficients, 
in essence, represent the actual energy requirements for milk production 
under the conditions of this experiment.
In order to ascertain the maintenance requirements as accurately 
as possible, the requirements were calculated at the end of each period 
for each of the sixpeen cows used in this study. Energy requirements for 
pregnancy were taken into account for those animals that were pregnant.
Convers ion of (TDN - Haintenance) to FCM.
(Milk Efficiency)
Appendix Table 37a gives the conversion values, by periods, ob­
tained for the four experimental groups. These values were: (X) .51 kg,
( H )  *46 kg, (III) .58 kg, and (IVa) .52 kg. No statistically signifi­
cant differences were obtained (Appendix Table 38a).
The above conversion values are slightly higher than those reported 
by Reid (86, 87). The National Research Council (71) and Morrison's feed­
ing standards (69) prescribe allowances of 0.31 to 0.32 kg of TDN per kg 
of FCM produced.
Jumah et a l . (40), Armsby (3), and McCullough (63) report values
of 0.29 kg of TDN per kg of FCM while Moe e_t aj.. (66) found a value of
0.35 kg of TDN per kg of FCM.
Thurmon (102), after determining the requirements for cows fed a 
complete feed mixture, reported a conversion value of 0.40 for the com­
plete feed mixture and 0.60 for the cows fed ad. libitum grain and rough­
age. These values are similar to those obtained in the present study.
Reid (86, 87) has pointed out that almost invariably, increases in 
milk production result in decreased efficiency of feed utilization. It
was observed in the present study that feed efficiency for the four 
treatments was lowest at the beginning of the experiment when milk pro­
duction was at its highest level, and increased thereafter at a steady 
rate as milk production decreased.
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Conversion of (DE - Maintenance) to F C M .
(Net Feed Efficiency)
The mean conversion values (Therms) for the four treatments were:
(I) 2.20, (II) 2.15, (III) 2.50, and (IVa) 2.57. These values are pre­
sented in Appendix Table 39a. There were no significant differences in 
the means of any of the four treatments, as can be observed from the sta­
tistical analysis presented in Table 40a. Cows on ration II had a ten­
dency to be the most efficient converters and those on ration III were 
the least efficient of the four groups.
Groups I and IVa had essentially the same milk efficiency values 
of TDN to FCM; however, comparing their efficiencies in terms of D E , those 
two groups were completely different. Group I was much more efficient 
than group IVa. These observations corroborate the findings of several 
workers (1, 52, 77, 101), who advocated the use of DE as a better measure 
to determine the nutritive value of feedstuffs. Since the use of DE made 
possible the differentiation in efficiency of feed utilization between the 
different groups, this method appears to be a better system to determine 
the nutritive requirements of high-producing dairy cows.
Energy Output from Milk
The average daily energy output, by periods, for the four experi­
mental groups is found in Appendix Table 41a. The values obtained were 
16.87 Therms, 17.53 Therms, 15.61 Therms, and 13.10 Therms for groups I, 
II, III, and IVa, respectively. The groups of cows fed alfalfa hay (I 
or II) had the highest energy output, while cows fed the native grass hay 
complete mixture (IVa) had the lowest energy output.
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General Discuss Ion
Previous studies conducted with lactating dairy cows fed complete 
feed mixtures have indicated slight increases or no change in milk pro­
duction, and no change or slight decreases in the milk fat percentage 
when the animals were fed complete feeds with a 30:70 roughage to con­
centrate ratio (62, 67, 72, 73).
Most of the research in this area has been done in switchback ex­
periments over short periods of time. The results of the present study 
which was designed to determine the continuous feeding of different rough­
ages in complete feeds to lactating dairy cows are in general agreement 
with those of other workers (62, 67, 72). Under the conditions of this 
experiment, the differences in average milk production, milk constituents, 
and efficiency of feed utilization for all the rations were not statis­
tically significant. It must be pointed out, however, that these results 
were obtained with a limited number of animals per treatment, and this 
fact alone places a limitation on the sensitiveness for detecting differ­
ences .
Several trends seemed clear in this study:
(a) the animals fed the grain and roughage (I) ad libitum and 
those fed the same feed in a complete feed (II) performed in a very simi­
lar manner when criteria such as feed intake, digestibility of the rations, 
TDN intake, milk production, milk constituents, and feed utilization were 
used to evaluate their performance. The animals fed the complete feed (II) 
appeared more efficient than their counterparts fed the control ration.
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(b) Animals fed the grain and roughage ad libitum balanced 
their roughage:grain intake at about the same ratio as the animals fed
the fixed 30:70 roughage to grain ratio.
(c) The group fed the ration containing cotton seed hulls (III) 
had a higher feed and energy consumption and lower over-all performance 
than any of the groups on the other three rations.
(d) Animals fed the complete feed mixture with alfalfa showed
better gross feed efficiency than any of the other three groups.
(e) The requirements for milk production obtained in this experi­
ment are slightly higher than those reported by other workers (66, 86, 88) 
and of the same magnitude of those reported by Thurmon (102) when the 
animals were fed a complete feed. This would suggest that high-producing 
dairy cows fed on complete feed mixtures may be less efficient in utiliz­
ing their energy intake for milk production.
(f) The use of DE in determining the milk production requirements 
of lactating dairy cows appears to be more useful than the now commonly 
used TDN method.
It appears that complete feed mixtures for lactating dairy cows 
are promising for those animals with a high inherent capacity to produce. 
Animals with low-producing capacity channel their excess energy intake 
into adipose tissue. Whether this lipogenic process is more economic 
during lactation than at other times when cows are dry, is not certain. 
Several investigators (4, 26) have conducted studies with other species 
of ruminants which indicate that lipogenesis during lactation is more eco­
nomical than during the dry periods.
75
The fact that the majority of the animals used in this study were 
high producers (above 35 kg at their peak of lactation), and the fact 
that the complete feeds maintained high levels of production without ap­
parent abnormal effect on feed intake and feed efficiency suggests that 
this concept of feeding dairy cattle looks promising and deserves further 
study.
The health problems encountered in the present study are somewhat 
in agreement with most other reports (2, 84, 109) of feeding complete 
feeds for a continuous period of time. These health problems in the pre­
sent study may be the result of having the animals confined to their 
stalls for prolonged periods of time which disrupts their natural habits.
SUMMARY AND CONCLUSIONS
To determine the effect of feeding complete feed mixtures con­
taining different sources of roughage to lactating dairy cows was the 
primary purpose of this study. The roughages used (30% level in the 
ration) were the following: alfalfa hay long and fed separately from
the concentrate; alfalfa hay chopped to 2.5 cm; cotton seed hulls and 
native grass hay. The criteria used to determine the effect of these 
rations were: (a) digestibility of the rations, (b) feed, TDN and di­
gestible energy (DE) intake, (c) milk and 4% FCM production, (d) fat, 
protein and solids-not-fat (SNF) percentages, (e) body weight changes,
(f) health of the animals, (g) gross energy intake, (h) conversion of 
TDN, gross energy and DE to FCM, and (i) TDN and DE requirements for 
milk production.
Digestibility of the Rations
The digestibility of the rations was conducted utilizing eight 
mature wethers assigned to two squares of a 4 x 4 Latin square design. 
There were highly significant (P <  .05) differences in the feed intake 
and TDN intake by the sheep in the four experimental rations, with the 
animals on cottonseed hulls consuming more feed than any other group. 
No differences in DE content of the rations were encountered. The 
calculated TDN values, using Morrison's tables, overestimated the de­
termined TDN values considerably, especially those of the rations
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containing low-quality roughages. There was a direct relationship be­
tween cellulose digestibility and crude fiber digestibility.
F e e d , T D N , and DE Intake
There were significant (P^[.05) differences in the daily feed in­
take of the cows, but not in TDN and DE intakes. The group fed cotton­
seed hulls consumed considerably more feed, TDN and DE, than any of the 
other three groups. This may have been due to a faster passage rate of 
undigested material through the tract, as evidenced by the higher energy 
content of the fecal material for this group. The two groups fed alfalfa 
hay responded very similarly in all these criteria, suggesting that the 
physical state of the roughage and manner of feeding did not have any 
effect on the utilization of feed.
Milk and FCM
There were no statistically significant differences in the mean 
daily milk and FCM production of the four experimental groups; however, 
all groups did not produce at the same level. The control group (I) and 
alfalfa hay complete mixture group (II) responded similarly. The cotton 
seed hulls ration (III) produced the most persistent lactation curve.
The group fed the native grass hay (IVa) was the least persistent and 
the lowest over-all producer. Complete feed mixtures maintained satis­
factory milk production when compared to the control (ad 1ibiturn roughage 
and hay fed separately).
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Milk Constituents
No significant differences in the milk fat percentage for any of 
the four treatments were observed. Rations I and III failed to maintain 
the pre-trial fat test percentage, whereas, rations II and IVa showed a 
slight increase. No significant differences were found in the protein 
percentage of the milk produced by any of the four groups; however, there 
was a significant (P <  .05) increase in the solids-not-fat (SNF) percent­
age for milk produced on ration IVa (native grass hay). There appears to 
be a direct relationship between the protein content and the SNF content 
of the milk produced by the four experimental groups, high protein per­
centage being associated with high SNF percentage, and vice versa.
Change in Body Weight
No significant variations in the body weight changes of the four 
groups were noted. Cows fed ration III had the greatest daily gains, 
and ration IVa the smallest, while rations I and II showed similar body 
gains. Most body weight gains were observed at the onset of the experi­
ment, and gains made thereafter were relatively small. This may have 
been due to an energy replenishing phenomenon with the animals trying to 
recuperate body energy stores lost during calving and at their peak of 
leatation.
Hea1th of the Anima1s
Some health problems were encountered in this study; among the most 
persistent and annoying were: (a) foot rot, (b) stiffness of the joints,
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(c) mastitis. One case of bloating and three cases of cows going off 
feed were also observed.
Gross Energy Intake
The group of cows fed the cotton seed hulls ration (III showed the 
highest gross energy intake while groups I and II had similar caloric con­
sumption, and ration IVa, the lowest intake. These differences were of 
little importance.
Energy Conversions
The conversion of TDN, gross energy and digestible energy (DE) 
to FCM were in favor of the alfalfa-fed groups, regardless of the form of 
feeding. The group of cows fed the cotton seed hulls (III) and native 
grass hay (IVa) rations had very similar conversion coefficients. There 
were no primary differences among the four treatments.
Milk Requirements
The energy requirements reported in the literature for milk produc­
tion are smaller than those found in the present study; however, most of 
these reports have been conducted with standard feeding systems. In­
formation on energy requirements for cows on complete feed is meager, 
but it appears that cows fed in this system have higher requirements 
than those reported. The use of DE in place of TDN to determine energy 
requirements of milk production appears to be more exacting.
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Conclusions
From the results of the present study, the following conclusions 
may be drawn:
Alfalfa hay, cotton seed hulls and native grass hay are good sour­
ces of roughage for ruminants when fed in a complete feed mixture.
Ad libitum feeding of concentrate and roughage separately or in 
a complete feed does not affect the digestibility, feed consumption or 
feed utilization. Animals fed complete feeds containing cotton seed hulls 
consumed more of this feed than complete rations containing alfalfa or 
native grass hay.
Cotton seed hulls and native grass hay, when fed in a complete 
feed at a roughage to concentrate ratio of 30:70 have approximately the 
same nutritive value for milk production and are slightly inferior to 
alfalfa hay (long) fed aci libitum with concentrates or alfalfa (2.5 cm) 
in a complete feed.
The energy requirements for milk production increases with in­
creasing milk outputs. Animals fed complete feeds containing low quality 
roughages have higher energy requirements for milk production.
The feeding of high energy rations in the form of complete feeds 
to lactating dairy cows stanchioned for prolonged periods may result in 
serious health problems, especially foot rot or stiffness.
High-producing dairy cows seem to respond more favorably to the 
feeding of complete feeds than cows with low inherent potential capacity 
for production.
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More information is needed on complete feeds with respect to feed­
ing systems (group vs. individual); management (loose vs. stanchioned); 
health problems (due to ration oxT to housing); ratio of roughage to con­
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Analysis of Variance for
TABLE la 
Digestible Energy of the Rations Fed to .iSheep
Source of 





Total 31 4.70 . 151
Replicates 1 .013 .013 0.06
Sheep 6 .077 .131 0.55
Periods 6 .523 .0871 0.37
Treatment 3 1. 123 .374 1.58
R X T 3 0. 128 .042 0. 18
Error 12 2.836 .236
TABLE 2a
Mean and Range of Daily Feed Consumption for Each Group of Four Cows Fed the Four Different











Mean Range Mean Range Mean Range Mean Range
---------- (kg)
Prelim. 23.5 20.5-26.6 24.8 23.9-26.0 21.9 20.6-23.0 23.1 19.0-27.3
1* 26.8 22.9-32.6 27.1 24.5-28.6 29.3 26.1-32.7 26.4 24.5-29.0
2 27.2 22.8-30.3 24.0 21.8-26.0 26.8 25.6-32.5 26.1 23.8-28.9
3 26.6 23.1-28.4 27.6 25.3-29.0 29.5 27.7-32.2 25.7 23.5-28.4
4 25.4 22.5-28.4 26.1 25.1-27.0 30.5 28.9-33.7 24.3 23.3-25.6
5 25.1 21.9-27.9 25.5 22.5-29.6 26.7 24.5-28.9 25.0 22.3-28.0
6 24.1 19.2-26.5 24.6 22.6-29.8 27.6 22.1-31.5 25.5 22.3-28.2
7 24.4 20.6-25.9 22.5 20.3-26.2 26.1 23.9-31.0 21.0 18.7-22.5
8 22.9 19.2-25.1 22.7 17.2-25.5 24.5 17.1-27.3 21.4 17.0-25.8
9 20.4 18.4-23.0 19.8 13.5-24.7 22.7 18.7-25.6 18.3 12.5-23.9
10 20.2 16.8-21.5 19.8 17.7-23.0 27.4 24.2-31.7 15.4 10.9-18.0
11 18.9 16.2-20.4 17.1 13.6-19.6 23.3 21.6-24.6 14.9 11.3-19.6
Total 262.0 256.8 294.4 244.0




Analysis of Variance for Total Feed Intake of Dairy Cows on the
Four Experimental Rations (kg)





Total 175 3462.88 19.78
Blocks 3 152.73 50.91 1.23
Rations 3 545.00 181.66 4. 4*
Error A 9 371.21 41.24
Periods 10 1528.33 152.88 29.6**
R X P 30 245.50 8.18 1. 58*
Error B 120 620.12 5. 16
*S ignificant at P <  .05
**S ignificant at P .01
TABLE 4a
Mean and Range of Daily Dry Matter Intake for Each Group of Four Cows Fed the











Mean Range Mean Range Mean Range Mean Range
........ (kg)-
Prelim. 20.1 17.6-22.6 21.2 20.4-22.2 18.7 17.5-19.7 19.7 16.1-23.3
1* 22.2 15.2-27.8 23.1 20.9-24.4 25.1 22.3-28.0 22.9 21.2-25.1
2 20.6 13.9-25.9 25.0 18.6-22.2 24.7 21.9-27.8 22.7 20.6-25.1
3 20.1 13.5-24.0 23.6 21.6-24.8 24.8 23.7-27.6 22.3 20.4-24.6
4 21.6 19.2-24.2 22.3 21.4-23.0 26.1 24.8-28.8 21.1 20.2-22.2
5 21.3 18.5-23.8 21.7 19.2-25.3 22.8 21.0-24.7 21.6 19.3-24.3
6 20.3 16.4-22.6 21.0 19.3-25.4 23.6 18.8-27.0 22.0 19.3-24.4
7 20.8 17.5-22.1 19.2 17.4-22.4 22.4 20.5-26.5 18.2 16.2-19.4
8 19.5 16.4-21.4 19.4 14.7-21.8 21.0 14.6-23.3 18.6 14.7-22.4
9 17.8 16.5-21.5 17.0 11.5-21.1 19.4 16.0-21.9 15.9 10.8-20.7
10 17.2 14.3-18.3 17.0 15.1-19.6 23.5 20.7-27.2 13.4 9.5-15.6
11 16.1 13.8-17.3 14.6 11.6-16.7 20.0 18.5-21.1 12.9 9.7-16.9
Total 217.70 223.90 253.40 211.60
Av. 19.79 20.35 23.04 19.20
*Ten Day Periods
TABLE 5a
Mean and Range of Daily Concentrate Consumption for Each Group of Four Cows Fed











Mean Range Mean Range Mean Range Mean Range
........ (kg)-
Prelim. 14.5 11.2-17.6 16.7 16.0-17.1 14.1 12.9-15.0 14.5 12.8-16.2
1* 18.3 15.5-23.4 18.9 17.2-20.0 20.5 18.2-22.9 18.5 17.2-20.3
2 18.5 14.8-21.5 16.8 15.2-18.2 20.2 17.9-22.8 18.3 16.7-20.3
3 18.1 15.5-19.8 19.3 17.7-20.3 20.7 19.4-22.5 18.0 16.5-19.9
4 18.0 16.0-20.0 18.3 17.6-18.9 21.3 20.2-23.6 17.2 16.4-17.9
5 18.3 16.8-19.8 17.8 15.8-20.7 18.7 17.1-19.9 17.5 15.6-19.6
6 17.7 14.7-19.4 17.2 15.8-20.9 19.3 15.5-22.1 17.8 15.6-19.7
7 18.1 15.5-20.0 15.8 14.2-18.4 18.3 16.7-21.7 14.7 13.1-15.7
8 17.0 14.3-19.1 15.4 12.1-17.9 17.1 12.0-19.1 15.0 11.9-18.1
9 15.0 12.4-17.8 13.9 9.4-17.3 15.9 13.1-17.9 12.8 8.7-16.7
10 14.8 12.8-16.7 14.0 12.4-16.1 19.2 17.0-22.2 10.8 7.6-12.6
11 13.2 12.3-14.4 12.0 9.5-13.7 16.3 15.1-17.2 10.5 7.9-13.7
Total 187.0 179.4 207.5 171.1
Av. 17.0 16.3 18.9 15.6
*Ten Day Periods
TABLE 6a
Mean and Range of Daily Roughage Consumption for Each Group of Four Cows Fed the











Mean Range Mean Range Mean Range Mean Range
........  (kg)-
Prelim. 9.0 8.6-9.3 8.1 7.7-8.9 7.8 6.8-8.6 8.7 6.1-11.1
1* 8.5 7.4-9.2 8.1 7.4-8.6 8.9 7.8-9.8 7.9 7.4-8.7
2 8.7 8.1-9.1 7.2 6.5-7.8 8.6 7.7-9.8 7.8 7.1-8.7
3 8.5 7.6-9.1 8.4 8.2-8.7 8.9 8.3-9.7 7.7 7.1-8.5
4 7.4 6.1-8.9 7.8 7.5-8.1 9.1 8.7-10.1 7.3 6.9-7.7
5 6.8 5.1-8.2 7.6 6.8-8.9 8.0 7,3-8.7 7.5 6.7-8.4
6 6.5 4.6-8.6 7.4 6.8-8.9 8.3 6.6-9.5 7.6 6.7-8.5
7 6.3 5.1-8.2 6.8 6.1-7.9 7.8 7.2-9.3 6.3 5.6-6.7
8 5.9 4.3-7.4 7.4 5.2-10.0 7.3 5.1-8.2 6.4 5.1-7.8
9 5.5 3.9-7.6 6.0 4.0-7.4 6.9 5.6-7.7 5.5 3.8-7.2
10 5.4 3.3-8.2 6.0 5.3-7.0 8.2 7.3-9.5 4.6 3.3-5.4
11 5.7 3.9-7.4 5.1 4.1-5.9 7.0 6.5-7,4 4.5 3.4-5.9
Total 75.2 77.8 89.0 73.1




Analysis of Variance for Total Grain Consumption of the Four 
Groups of Cows Fed the Experimental Rations (kg)





Total 175 1700.59 9.71
Blocks 3 84. 68 28.22 1.52
Rations 3 266.55 88.85 4.81*
Error A 9 166.23 18.47
Periods 10 715.70 71.57 25.65**
R X P 30 131.78 4.39 1.57*
Error B 120 335.64 2.79
-Significant at P <  .05 
**S ignif icant at P ^  .01
TABLE 8a
Analysis of Variance for Total Hay Consumption of the Four Groups 
of Cows Fed the Experimental Rations (kg)





Total 175 400.43 2.28
Blocks 3 17.43 5.81 0.82
Rat ions 3 54.77 18.25 2 . 58
Error A 9 63.64 7 .07
Periods 10 159.73 15.97 28.01**
R X P 30 35.30 1. 17 2.01*
Error B 120 69 .55 .57
^Significant at P < . 0 1
^Significant at P-^.OS
TABLE 9a
Mean and Range of Total Digestible Nutrients Consumption for Each Group of Four Cows










Period Mean Range Mean Range Mean Range Mean Range
■ .... ......... (kg)-----
Prelim. 14.8 12.9-16.7 15.6 15.1-16.4 13.8 13.0-14.5 14.6 11.9-17.2
1* 16.9 14.4-20.5 16.5 14.9-17.4 16.3 14.4-18.2 15.0 14.0-16.5
2 17.2 14.4-19.1 14.6 13.3-15.9 16.0 14.2-18.1 14.9 13.6-16.5
3 16.7 14.5-17.9 16.8 15.4-17.7 16.4 15.4-17.9 14.6 13.4-16.2
4 16.0 14.2-17.9 16.0 15.3-16.5 16.9 16.1-18.7 13.9 13.3-14.6
5 15.8 13.8-17.6 15.5 13.7-18.0 14.8 13.6-16.0 14.2 12.7-16.0
6 15.2 12.1-16.7 15.0 13.7-18.2 15.3 12.3-17.5 14.5 12.7-16.1
7 15.4 13.0-16.3 13.7 12.4-16.0 14.5 13.3-17.2 12.0 10.7-12.8
8 14.4 12.1-15.8 13.8 10.5-15.6 13.6 9.5-15.1 12.2 9.7-14.7
9 12.9 11.6-12.7 12.1 8.2-14.3 12.6 10.4-14.2 10.5 7.1-13.6
10 12.7 10.6-13.6 12.2 10.8-14.0 15.2 13.5-17.6 9.1 6.2-10.3














Analysis of Variance for Total Digestible Nutrients Intake 
of the Four Groups of Cows Fed the Experimental Rations





Total 175 1163.28 6.65
Blocks 3 52.36 17.45 1.16
Rations 3 156.14 52.05 3.47
Error A 9 135.02 15.0
Periods 10 529.71 52.97 29.93**
R X P 30 77.85 2.60 1.47
Error B 120 212.19 1.77
**Significant at P ̂  .01
TABLE 11a
Mean and Range of Daily Milk Production for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
Treatment
I II III IV a
Control Alfalfa CSH Grass Hay
Period Mean Range Mean Range Mean Range Mean Range
Prelim. 30.6 28.0-33.1
.......... ..... (kg)-----
32.8 30.0-36.0 29.0 24.0-31.8 26.6 16.2-36.1
1* 30.7 28.2-34.0 32.4 30.5-36.1 28.2 22.7-32.2 25.4 16.9-32.8
2 30.6 28.7-33.9 32.5 29.6-34.8 28.4 21.3-32.8 24.5 16.9-33.1
3 29.6 25.7-33.4 31.8 28.7-33.8 27.8 18.6-33.5 23.3 14.4-32.2
4 28.5 24.8-34.3 31.9 28.5-33.7 27.3 16.7-33.6 25.2 13.8-30.4
5 27.0 22.4-31.2 29.0 27.8-29.9 25.9 16.0-33.3 20.7 12.3-30.5
6 28.6 23.1-35.2 30.6 28.7-33.5 26.4 15.4-32.8 20.3 11.8-28.4
7 27.1 20.3-33.8 28.4 26.8-29.7 25.1 14.7-34.5 20.4 11.2-33.5
8 26.1 21.2-31.2 26.3 23.3-30.3 23.9 14.3-30.7 18.2 11.7-28.4
9 24.2 20.4-30.1 24.8 21.1-29.2 22.7 13.7-29.6 16.3 12.0-26.5
10 24.1 20.3-30.6 24.6 21.4-29.1 23.0 13.4-31.0 15.1 11.1-24.7
11 22.6 17.3-27.9 21.2 19.8-23.5 21.2 12.1-27.8 13.9 10.9-22.1
)tal 299.1 313.5 279.9 223.3
7. 27.2 28.5 25.5 20.3
*Ten Day Periods
TABLE 12a
Mean and Range of Daily FCM Production for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
Treatment
I II III IVa
Control Alfalfa CSH Grass Hay
Period Mean Range Mean Range Mean Range Mean Range
Prelim. 26.9 23.8-29.8
................(kg)------
26.3 22.8-32.3 23.8 18.6-27.2 22.1 13.1-26.9
1* 25. 7 21.4-32. 1 25. 5 21.,7-30 .2 22,.3 17,.6-25 .0 22 .1 14,.6-29 .4
2 26.3 23. 5-30. 3 26. 6 25.,3-28 .6 23,.1 17,.4-26,.9 21,.0 14,.8-28 .2
3 26. 7 23.4-30.,2 25. 8 24.,0-28 .3 22.,8 14..1-27,.0 19,,6 12,.9-27 .4
4 23., 4 20..7-29.,2 26.,5 23..5-30 .3 23,.6 12,,7-31,.0 19,,8 12,.5-27 .0
5 22.,1 17..0-26,.0 25.,4 22,.4-26 .8 21,.4 12,.7-28,.4 18,.2 11..4-24 .1
6 23,.5 18..6-29,.9 24..9 23..1-28 .5 21,.2 U,.5-28,.4 17,.8 10,.9-24.1
7 22,.7 17,.0-29..2 24,,5 21,.9-30.6 20,.7 10,,5-28,.3 17,,1 10..7-24 .6
8 20 .8 15,.8-26 .1 21,,3 17 .7-24.8 19,.6 10,.2-25,.2 16,.2 11.,2-24.1
9 19 .4 16 .7-23 .3 20,.0 15..1-25 .4 18..3 11,.0-23,,8 14.,5 11.. 1-21 .4
10 19.2 15.1-23 .7 19,.5 15 .3-23 .9 18,.6 10,,0-25,,9 13..6 10.,1-19 .9
11 17.9 14.4-20 .0 16,.9 14..1-20 .8 17,.7 9.,2-25..7 12.,6 10.,1-17,.5
Total 247.7 256.9 229.3 192.5




Analysis of Variance for Actual Milk Production of the Four 
Groups of Cows Fed the Experimental Rations (kg)





Total 175 8144.38 46.53
Blocks 3 2040.73 680.24 3. 12
Rations 3 1812.64 604.21 2.77
Error A 9 1959.76 217.75
Periods 10 1626.14 162.61 31.63**
R X P 30 87. 16 2.90 0.56
Error B 120 617.95 5.14
**Sign ificant at P < . 0 1
TABLE 14a
Analysis of Variance for FCM of the Four Groups
of Cows Fed the Experimental Rations (kg)
Sum of Mean
Component d. f . Squares Square F-Value
Total 175 5636.30 32.20
Blocks 3 1335.71 445.23 2.61
Rat ions 3 866.48 295.49 1.73
Error A 9 1530.85 170.00
Per iods 10 1235.29 123.53 27.32**
R X P 30 104.78 3 .49 0.77
Error B 120 543.19 4.52
**Significant at P .01
105
TABLE 15a
Analysis of Covariance of Total FCM Production Adjusted for Initial 
Differences for the Four Groups of Cows 
Fed "tHe Experimental Rations (kg)
Component d.f. Initial XY Final d.f. SS MS
F-
Value
Total 15 3360.06 3072.26 4400. 97
Blocks 3 899.36 1005.24 1505. 63
Treatments 3 660.22 724.28 991. 21 3 256.83 85.6 0. 759




of Variance of 
Four Groups of
Actual Minus Expected Daily Milk Production 






Total 63 1014.21 15.84
Blocks 3 192.76 64.25 1.96
Treatment 3 236.85 78.95 2.41
Error A 9 295.09 32.79
Periods 3 34. 17 11.39 2.08
T X P 9 58.86 6. 54 1.20
Error B 36 196.48 5.46
TABLE 17a
Mean and Range of Daily Milk Fat Percentage for Each group of Four Cows Fed the Different











Mean Range Mean Range Mean Range Mean Range
■ -------- (%)
Prelim. 3.18 3.02-3.34 2.64 2.06-3.25 2.91 2.43-3.54 2.98 2.62-3.76
1* 3.61 2.35-3.57 2.56 1.84-2.92 2.57 2.45-2.86 3.07 2.94-3.32
2 3.05 2.81-3.23 2.82 2.48-3.12 2.77 2.49-2.99 3.16 2.51-3.65
3 3.33 2.87-3.90 2.76 2.63-2.92 2.76 2.42-3.26 3.02 2.64-3.34
4 2.81 2.61-3.01 2.88 2.31-3.40 3.03 2,43-3.74 3.15 2.75-3.35
5 2.78 2.04-3.99 3.16 2.72-3.58 2.81 2.05-3.39 3.30 2.64-3.57
6 2.79 2.68-3.01 2.77 2.51-3.01 2.60 2.15-3.01 3.23 3.04-3.52
7 2.88 2.77-3-05 3.07 2.44-4.23 2.78 2.10-3.60 3.36 3.01-3.73
8 2.63 1.83-3.59 2.64 2.50-2.78 2.62 2.08-3.49 3.14 2.58-3.35
9 2.73 2.54-2.82 2.66 2.06-3.15 2.81 2.33-3.47 3.46 2.73-4.04
10 2.68 2.31-3.44 2.49 2.07-2.95 2.80 2.27-3.19 3.45 2.65-4.43
11 2.70 2.09-3.45 2.62 1.76-3.39 2.84 2.36-3.53 3.54 2.55-4.43
Total 31.99 30.43 30,39 35.88




Mean and Range of Daily Milk Fat Production for the Cows Fed the Different











Mean Range Mean Range Mean Range Mean Range
- -(kg)-
Prelim. .98 .85-1.10 .76 .66- .93 .85 .60-1 .10 .79 .44- .95
1* .89 .66-1.20 .78 .59-1.10 .73 .56- .82 .79 .52-1 .1
2 .94 .80-1.10 .91 .81- .99 .79 .59- .94 .74 .55-1 .0
3 .98 .86-1.20 .88 .81- .97 .78 .45- .95 .69 .48- .97
4 .81 .70-1.00 .98 .78- 1.10 .85 .41-1 .20 .71 .46- .99
5 .75 .54-1.00 .92 .76-1.00 .71 .41-1 .00 .66 .42- .91
6 .80 .62-]L.10 .85 .77-1.00 .70 .36- .99 .62 .42- .86
7 .78 .59-1L.00 .88 .71-1.30 .71 .31- .96 .63 .42- .87
8 .69 .48- .90 .70 .63- .84 .63 .30- .86 .55 .39- .73
9 .66 .57- .76 .67 .43- .92 .63 .40- .80 .54 .42- .72
10 .64 .47- .78 .62 .44- .81 . 66 .31- .90 .47 .37- .65














Analysis of Variance for Change in Milk Fat Percentage of the 






Total 175 44.13 0.25
Blocks 3 2 .67 .89 0.37
Rations 3 7.26 2.42 1.59
Error A 9 13.65 1.52
Periods 10 1.58 .16 1.33
R X P 30 4.65 . 16 1.33




Variance for Kilograms 
Groups of Cows Fed the
of Milk Fat 
Experimental
Produced by the 
Rations
Sum of Mean
Component d . f . Squares Square F-Value
Total 175 7.89 .045
Blocks 3 1.67 .556 2.14
Rat ions 3 . 72 .240 0.92
Error A 9 2.35 .260
Periods 10 1.63 . 163 16.30**
R X P 30 .33 .011 1.00
Error B 120 1. 18 .010
**S ignif icant at P ^ . . 0 1
TABLE 21a
Mean and Range of Milk Protein Percentage for Each Group of Four Cows Fed the











Mean Range Mean Range Mean Range Mean Range
------  (%)- -
Prelim. 3.40 3.26-3.65 3.10 2.85-3.40 3.34 3.14-3.48 3.31 3.22-3.40
1* 3.53 3.33-3.74 3.13 2.91-3.30 3.25 3.14-3.37 3.39 3.19-3.60
2 3.34 3.31-3.39 3.12 2.93-3.39 2.28 3.17-3.37 3.49 3.40-3.51
3 3.46 3.35-3.45 3.23 3.05-3.54 3.26 3.19-3.37 3.48 3.33-3.56
4 3.40 3.11-3.77 3.12 2.96-3.31 3.23 3.05-3.37 3.44 3.22-3.54
3 3.59 3.27-3.95 3.28 3.11-3.60 3.24 3.173.28 3.58 3.20-3.97
6 3.32 3.11-3.49 3.18 3.03-3.48 3.14 3.02-3.29 3.38 3.16-3.71
7 3.43 2.96-3.86 3.30 3.22-3.36 3.10 2.96-3.37 3.47 3.34-3.68
8 3.49 3.02-3.87 3.29 3.00-3.66 3.10 3.02-3.20 3.49 3.25-3.82
9 3.48 2.96-3.86 3.31 3.09-3.65 3.07 2.94-3.19 3.45 3.13-3.83
10 3.37 2.99-3.71 3.33 3.19-3.62 3.09 2.94-3.23 3.41 3.11-3.92
11 3.44 3.13-3.75 3.34 3.27-3.37 3.17 2.91-3.43 3.51 3.26-3.89
Total 37.9 34.6 34.9 38.1




Analysis of Variance for Milk Protein Percentage of the Cows
Fed the Experimental Rations





Total 175 10.09 .0576
Blocks 3 1.08 .36 1.16
Rations 3 2.71 .90 2.90
Error A 9 2.77 .31
Periods 10 .30 .030 1.36
R X P 30 . 64 .031 1.41
Error B 120 2.58 .022
^Significant at P ^  .05
TABLE 23a
Mean and Range of Solids-Not-Fat Percentage for Each Group of Four Cows Fed the











Mean Range Mean Range Mean Range Mean Range
------ (%) -
Prelim. 8.89 8.72-9.08 8.55 7.90-8.83 8.63 8.19-8.79 8.67 8.34-8.85
1* 8.85 8.63-9.04 8.73 8.32-8.95 8.63 8.47-8.71 8.93 8.88-9.00
2 8.80 8.38-9.01 8.83 8.53-9.10 8.64 8.45-8.92 9.06 8.42-9.53
3 8.91 8.85-8.98 8.43 8.15-8.76 8.69 8.51-8.79 9.00 8.83-9.22
4 8.75 8.47-9.06 8.47 8.22-8.76 8.59 8.47-8.70 8.98 8.91-9.05
5 8.86 8.76-8.92 8.69 8.32-8.99 8.65 8.54-8.86 9.16 8.79-9.47
6 8.55 8.38-8.87 8.45 8.00-8.95 8.37 8.23-8.68 8.85 8.51-9.23
7 8.77 8.62-8.93 8.63 8.48-8.83 8.45 8.34-8.53 8.94 8.81-9.19
8 8.55 8.40-8.73 8.42 7.94-8.70 8.35 8.13-8.54 8.82 8.53-9.27
9 8.67 8.53-8.86 8.31 7.63-8.84 8.33 8.01-8.57 8.75 8.62-8.91
10 8.55 8.43-8.74 8.52 8.18-8.86 8.40 8.29-8.48 8.75 8.58-9.08
11 8.61 8.55-8.65 8.51 8.29-8.83 8.33 7.89-8.58 8.71 8.43-9.14
Total 95.9 94.0 93.43 97.95




Analysis of Variance for Change in Solids-Not-Fat-Percentage of 
the Four Groups of Cows Fed the Experimental Rations





Total 175 15.71 .086
Blocks 3 1.54 .51 2.13
Rations 3 4.54 1.51 6.29*
Error A 9 2. 14 .24
Periods 10 2.59 .26 7.43**
R X P 30 .75 .025 0.71
Error B 120 4. 16 .035
^Significant at .05
^Significant at P ^  .01
TABLE 25a
Mean and Range of Body Weight for Each Group of Four Cows Fed the Different











Mean Range Mean Range Mean Range Mean Range
■ ........ (kg)
Prelim, 560 536-576 507 478-531 546 484-580 560 546-592
1* 553 536-577 520 497-536 550 495-581 574 567-592
2 557 548-572 534 506-576 572 517-600 587 570-604
3 558 542-577 530 504-565 574 517-608 581 567-606
4 597 571-622 541 518-570 592 548-618 593 569-623
5 585 581-597 547 491-601 602 556-658 599 563-639
6 603 564-623 551 500-598 614 551-686 592 549-636
7 604 578-638 547 496-587 602 549-672 588 536-636
8 614 578-648 563 504-605 618 545-708 602 519-651
9 607 571-626 567 508-604 608 554-690 605 530-636
10 618 582-649 573 511-609 623 555-717 596 528-632
11 615 577-646 568 513-604 614 551-690 603 526-640
Total 6,511 6,041 6,569 6,520
Av. 592 549 597 593
Av. daily





Analysis of Variance for Change in Body Weight of the Four 
Groups of Cows Fed the Experimental Rations (kg)





Total 175 334874 1913,56
Blocks 3 55445 18481.66 1.55
Rations 3 66985 22328.33 00 l—1
Error A 9 107244 11916.0
Periods 10 51293 5129.3 13.85**
R X P 30 9472 315.73 0.85
Error B 120 44435 370.29
^Significant at P'^C *01
TABLE 27a
Mean and Range of Daily Gross Energy Intake for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
___________________________________Treatment____________________________________
I II III IVa
Control  Alfalfa_____  CSH_____  Grass Hay
Period______ Mean_____ Range_______Mean______Range_______ Mean_____ Range_____ Mean______ Range
........... -     -(Therms)- - - - - - - - - - - - - - - - - - -
Prelim. , 88.2 77.1-C99-6 93.1 89.7-.97.6 81,9 76.6-C86.4 85.9 70.8— 99.8
1* 96.,0 67..3-122,,4 107.,8 97.4-113. 8 114.5 101 .7-•127.5 104.2 96 .8-•114.4
2 90..3 60.4-114..0 95.,7 86. 9-103. 7 112.3 99 .6-•126 .7 103.2 93 .9-■114.4
3 88,.3 58..9-105,.2 110..0 100. 8-115. 9 113.0 107 .8-•125.9 101.4 93 .1-•111.9
4 95,,2 84..3-106 .4 104..2 100.0-107. 5 119.0 113 .2-■131 .2 96.7 91 .8-■101.3
5 94,.0 81..7-104 .9 101..3 89. 5-118. 0 94.8 71 .3-■115 .2 98.5 87 .7-■110. 7
6 90 .3 72,.2- 99 .2 97,.9 89. 9-118. 4 107.5 85 .7-■123 .0 100.2 87 .7-■111. 1
7 91 .7 77,.3- 97 .3 89..7 81. 1-104. 6 101.8 93 .5-■120.5 83.6 77 .1-■ 88.6
8 85 .9 72,.1- 94.2 90,.3 68.,4-101. 6 95.4 66 .4-•106.2 84.5 66 .8-•102. 1
9 78 .5 72 .6- 94.6 79 .1 53.,8- 98.3 88.4 73 .0-• 99.6 72.4 49 .2-■ 94.3
10 75.7 63 .2- 80.6 77 .0 70.,6- 91. 6 106.9 94.3-■123 .8 60.8 43 .5- 70. 9
11 70.6 61 .1- 76 .0 68 .2 54..2- 78. 1 90.9 84.5-■ 95 .9 59.0 44 .3- 77. 1
Total 956.5 1014.2 1144.5 964.5
Av. 86.95 92.2 104.04 87.68
*Ten Day Periods
TABLE 28a
Mean and Range of Daily Digestible Energy Intake for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
Treatment
I II III IV a
Control Alfalfa CSH Grass Hay
Period Mean Range Mean Range Mean Range Mean Range
Prelim. 65.1 56.9-73.5
_ _ _ _ _ _ _ _  (Therms)- - - -
68.7 66.2-72.0 60.4 56.5-63.8 63.4 52.3-73.7
1* 70.8 49. 7-90. 3 76.0 68. 7-80.,2 69.8 62 0 1 .8 69.4 64.5-76 .2
2 66.7 44. 6-84. 1 67.,5 61.3-73.,1 68.6 60 .8-77,.3 68.7 62.5-76 .2
3 65.2 43. 5-77.,6 77.,6 71. 1-81.,7 69.0 65 .8-76,.8 67.5 62.0-74 .5
4 70.3 62.,2-78..5 73.,4 70.5-75.,8 72.6 69 .1-80,.0 64.0 61.1-67 .5
5 68.6 60.,3-74.,4 71.,4 63. 1-83.,2 57.9 43 .5-70..3 66.3 58.4-73 .7
6 66.7 53.,3-73..2 66,.6 63.4-83..5 68.1 52 .3-75..0 66.8 : 58.4-74 .0
7 67.7 57,.0-71,.8 63,.2 57. 2-73..7 62.1 57 .0-73,.5 55.7 51.3-59 .0
8 63.4 53,.2-69,.5 63,.6 48. 2-71..6 58.2 40 .5-64,.8 56.5 44.5-68 .8
9 57.9 53,.6-69,.8 55 .8 37.,9-69..3 53.9 44 .5-60.,8 48.2 32.8-62 .8
10 55.9 46 .6-59 .5 56 .1 49.,8-64,.6 65.2 57 .5-75..5 40.5 29.0-47 .2
11 52.1 45 .1-56 .1 48 .1 38.,2-55,.1 55.5 51.5-58.,5 39.3 29.5-51 .3
Total 705.3 719.3 700.9 642.9




Mean and Range of Gross Feed Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
Treatment
I II III IVa
Control Alfalfa CSH Grass Hay
Period Mean Range Mean Range Mean Range Mean Range
Prelim. .49 .44-.60 .48
- - (kg TDN/kg of milk)- - - - - 
.43-.50 .49 .43-.54 .58 .48-.74
1* .55 .48-.68 .51 .47-.57 .59 .51-.64 . 64 vOooi
2 .56 .50-.66 .45 .42-.48 .57 .52-.67 .66 .48-.84
3 .57 .51-.70 .54 .46-.62 .61 .46-.83 .70 .46-.93
4 .57 .51t .71 .51 .46-.58 .66 .50-.97 .68 .47-.97
5 .60 .48-.78 .54 .47-.65 .61 .50-.86 .76 .52-.98
6 .54 .44-.70 .49 .42-.63 .62 .44-.93 .78 .49-1.0
7 .59 .48-.79 .49 .43-.60 .62 .48-.92 .69 .38-9.5
8 .57 .45-.73 .53 .42-.60 .61 .46-.99 .72 .52-.99
9 .55 .42-.71 .49 .34-.60 .61 .44-.94 .69 .51-.87
10 .54 .43-.67 .50 .42-.60 .72 .47-.97 .66 .42-.86
11 .55 .42-.74 .49 .39-.57 .66 .48-.99 .63 .50-.84
Total 6.19 5.54 6.88 7.61




Mean and Range of Gross Feed Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
Treatment
I II III IVa
Control Alfalfa CSH Grass Hay
Period Mean Range Mean Range Mean Range Mean Range
Prelim. .50 .49-.52 .58




1** .67 .51-.89 .66 .57-.76 .74 .65-.80 .74 .52-.99
2 .66 .56-.79 .55 .51-.59 .70 .64-.81 .75 .59-.92
3 .63 .57-.76 .66 .58-.74 .76 .57-1.10 .82 .59-1.04
4 .69 .61-.85 .61 ,51t ,70 .80 .54-1.27 .77 .54-1.06
5 .74 .61-1.03 .62 .51-.81 .75 .56-1.09 .85 .60-1.12
6 . 66 .53-.87 .61 .50-.76 .80 .53-1.25 .91 .57-1.23
7 .70 .56-.94 .58 .42-.69 .79 .61-1.29 .77 .52-1.00
8 .72 .58-1.00 .66 .54-,79 .80 .49-1.47 .81 .60-1.12
9 .68 .54-.87 .71 .44-.72 .75 .55-1.17 .75 .51-.94
10 .68 .56-.89 .64 .52-.71 .91 .62-1.36 .72 .47-.94
11 .68 .58-.89 .63 .55-.79 .83 .55-1.30 .68 .55-.88
Total 7.51 6.93 8.63 8.57
Av. .68 .63 .78 .78
*TDN ® Total digestible nutrients; FCM = 470 fat corrected milk.
**Ten Day Periods.
TABLE 31a
Mean and Range of Gross Feed Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
Treatment
I II III IVa
Control Alfalfa CSH Grass Hay
Period Mean Range Mean Range Mean Range Mean Range
Prelim. 3,23 2.9-4.2 3.60
■ - -(Therms/kg FCM).......... .
2.9-4.0 3.48 3.2-4.1 4.08 3.4-5.4
1* 3.75 3.0-5.3 4.30 3.7-5.0 5.20 4.6-5.8 5.10 3.6-6.8
2 3.48 2.2-4.8 3.60 3.3-3.9 4.93 4.5-5.7 5.18 4.1-6.3
3 3.43 2.0-4.5 4.28 3.8-4.8 5.25 4.0-7.6 5.65 4.1-7.2
4 4.13 3.6-5.1 3.98 3.3-4.6 5.60 3.8-819 5.38 3.8-7.4
5 4.40 3.6-6.2 4.05 3.4-5.3 4.95 2.5-7.7 5.88 4.1-7.7
6 3.95 3.2-5.2 3.95 3.3-4.9 5.60 3.7-8.8 6.28 4.0-8.5
7 4.18 3.3-5.6 3.73 2.7-4.5 5.53 4.3-9.1 5.38 3.6-7.2
8 4.28 3.4-6.0 4.25 3.5-5.1 5.58 3.3-1.04 5.55 4.1-7.7
9 4.18 3.2-5.7 4.00 2.9-4.7 5.23 3.8-8.2 5.18 3.5-6.5
10 4.03 3.3-5.3 4.10 3.4-4.6 6.38 4.3-9.5 4.80 3.3-6.5
11 4.05 3.5-5.3 4.08 3.6-5.1 5.88 3.7-9.2 4.73 3.8-6.2
Total 43.86 44.32 60.13 59.11




Mean and Range o£ Gross Feed Efficiency for Milk Production for Each Group of Four











Mean Range Mean Range Mean Range Mean Range
Prelim. 2.45 2.1-3.1 2.65 2.1-2.9 2.55 2.3-3.0 3.00 2.7-4.0
1** 2.78 2.2-3.9 3.00 2.6-3.5 3.15 2.8-3.5 3.40 2.4-4.6
2 2.58 1.6-3.5 2.53 2.3-2.7 3.00 2.7-3.5 3.45 2.7-4.2
3 2.48 1.4-3.3 3.03 2.7-3.4 3.30 2.6-4.7 3.75 2.7-4.8
4 3.03 2.7-3.7 2.78 2.3-3.2 3.40 2.3-5.4 3.55 2.5-4.9
5 3.23 2.7-4.4 2.85 2.4-3.7 3.00 1.5-4.7 3.98 2.9-5.1
6 2.88 2.3-3.8 2.80 2.3-3.5 3.38 2.3-5.2 4.20 2.6-5.7
7 3.08 2.5-4.1 2.65 1.9-3.2 3.35 2.6-5.5 3.58 2.4-4.8
8 3.15 2,5-4.4 3.00 2.5-3.6 3.43 2.1-6.3 3.73 2.7-5.1
9 3.05 2.3-4.2 2.80 2.0-3.3 3.20 2.3-5.0 3.43 2.3-4.3
10 2.98 2.4-3.9 2.90 2.4-3.3 3.88 2.6-5.8 3.20 2.2-4.3
11 2.95 2.5-3.9 2.85 2.5-3.6 3.53 2.2-5.6 3.13 2.5-4.1
Total 32.19 31.19 36.62 39.30
Av. 2.93 2.84 3.33 3.57




Analysis of Variance for Gross Conversion of TDN to Actual Milk of 






Total 175 4.75 .027
Blocks 3 1.27 .423 1.99
Rat ions 3 .88 .293 1.38
Error A 9 1.92 .213
Per iods 10 .06 .006 1.50
R X P 30 .14 .005 1.25
Error B 120 .48 .004
TABLE 34a
Analysis of Variance for Gross Conversion of TDN to FCM of the 






Total 175 7. 11 .040
Blocks 3 1.90 . 633 1.90
Rations 3 .83 .277 0.83
Error A 9 3.00 .333
Periods 10 . 10 .010 1.25
R X P 30 .27 .009 1. 13
Error B 120 1.00 .008
122
TABLE 35a
Analysis of Variance for Conversion of Therms to FCM of the 






Total 175 397.95 2 . 27
Blocks 3 94.59 31.53 1.95
Rations 3 85.94 28.65 1.78
Error A 9 145.33 16. 14
Periods 10 4.73 .47 1.09
R X P 30 16.20 .54 1.25
Error B 120 51.16 .43
TABLE 36a
Analysis of Variance for Gross Conversion of Digestible Energy to FCM 






Total 175 146.40 .84
Blocks 3 37.49 12.50 1.83
Rations 3 16.11 5.37 0.79
Error A 9 61.52 6.83
Periods 10 2.41 .24 1.33
R X P 30 7 . 19 .24 1.33
Error B 120 21.68 . 18
TABLE 37a
Mean and Range Milk Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
_________________________________ Milk Efficiency*___________________________________
_____________________________________ Treatment_______________________________________
I II III IVa
 Control Alfalfa  CHS  Grass Hay_____
Period_______ Mean_______ Range______ Mean______ Range_____ Mean______ Range______ Mean________ Range
..................... -  (kg TDN/kg FCM)***..........................
Prelim._______ .42______.36-.55 .47 .38-.52 .43 .40-.49_____ .51 .44-. 63
1** .53 .40-.74 .52 .45-.60 .57 .52-.64 .55 .38-.66
2 .52 .44-.65 .42 .38-.45 .54 .48-.60 .56 .45-.67
3 .46 .30-.61 .52 .45-.59 .59 .45-.82 .50 .22-.75
4 .53 .46-.67 .47 .39-.54 .72 .43-.98 .56 .40-.77
5 .57 .46-.81 .48 .39-.64 .55 .42-.76 .62 .44-.78
6 .51 .35-.65 .46 .36-.60 .59 .37-.88 .66 .41-.92
7 .53 .43-.70 .43 .31-.53 .57 .47-.89 .52 .37-.64
8 .53 .43-.74 .48 .35-.50 .56 .29-1.03 .55 .39-.77
9 , .48 .36-.63 .42 .25-.54 .51 .39-.76 .46 .26-.57
10 .47 .38-.62 .44 .37-.47 .66 .43-.91 .41 .20-.57
11 .45 .35-.60 .40 .33-.52 .56 .38-.83 .36 .25-.52
Total 5.58 5.04 6.42 5.75
Av. .51 .46 .58 .52
*Milk efficiency defined as the kgs of TDN consumed after deducting maintenance 
requirements.
**Ten Day Periods
TDN = total digestible nutrients; FCM = 4% fat corrected milk.
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TABLE 38a
Analysis of Variance for Milk Efficiency of the Four 






Total 175 3.90 .022
Blocks 3 .80 .266 1.55
Rations 3 .31 .103 0.60
Error A 9 1.55 . 172
Periods 10 .21 .021 3.50**
R X P 30 .28 .009 1.50
Error B 120 .75 .006
**Significant at P .01
TABLE 39a
Mean and Range of Net Feed Efficiency for Milk Production for Each Group of Four Cows Fed the 











Mean Range Mean Range Mean Range Mean Range
- - -(Therms of DE/kg FCM)*- - - -
Prelim. 1.83 1.6-2.4 2.03 1.6-2.3 1.85 1.7-2.1 2.18 1.9-2.7
1** 2.15 1.5-3.2 2,40 2.1-2.7 2.40 2.2-2.7 2.55 1.8-3.3
2 1.90 1.0-2.8 1.93 1.7-2.1 2.25 2.0-2.5 2.55 2.1-3.0
3 1.88 0.9-2.6 2.40 2.1-2.7 2.40 1.9-3.4 2.78 2.0-3.5
4 2.28 2.0-2.9 2.18 1.8-2.5 2.58 1.8-4.0 2.58 1.9-3.5
5 2.38 2.0-3.3 2.20 1.8-3.0 2.08 0.9-3.2 2.88 2.2-3.6
6 2.13 1.6-2.8 2.13 1.8-2.7 2.68 1.5-4.6 3.03 1.9-3.7
7 2.25 1.8-3.0 1.93 1.4-2.4 2.38 1.8-3.7 2.43 1.7-3.1
8 2.25 1.8-3.2 2.20 1.6-2.6 2.35 1.2-4.4 2.53 1.8-3.6
9 2.10 1.6-3.0 1.68 1.1-2.5 2.10 1.6-3.2 2.10 1.2-2.6
10 1.98 1.6-2.7 1.98 1.7-2.1 2.75 1.8-3.8 1.75 0.9-2.6
11 2.95 2.5-3.9 2.60 2.5-3.6 3.53 2.2-5.6 3.13 2.5-4.1
Total 24.25 23.63 27.50 28.31
Av. 2.20 2.15 2.50 2.57





of Variance for Net 






Energy to FCM 
Rations
Sum of Mean
Component d.f. Squares Square F-Value
Total 175 95.76 .55
Blocks 3 17.76 5.92 1.57
Rat ions 3 5.49 1.83 0.49
Error A 9 33.80 3.76
Periods 10 13.36 1.34 8.93**
R X P 30 6.68 .22 1.47
Error B 120 18.58 . 15
**Significant at P ^ ^ . O l
TABLE 41a
Mean and Range of Daily Energy Output from Milk for Each of Four Cows Fed the 








Period Mean Range Mean Range Mean Range Mean Range
Prelim. 20.1 17.8-22.3
- - - - - - -  (Therms)- - - - - - - - -
19.7 17.1-24.2 17.8 13.9-20.3 16.5 9.8-20.1
1* 19.2 16.0-24.0 19.1 16.2-22.6 16.7 13.2-18.7 16.5 10.9-22.0
2 19.7 17.6-22.7 19.9 18.9-21.4 17.3 13.0-20.1 15.7 11.1-21.1
3 20.0 17.5-22.6 19.4 18.0-21.2 17.1 10.5-20.2 14.7 9.60-20.
4 17.5 15.5-21.8 19.9 17.6-22.7 17.7 9.5-23.2 14.8 9.40-20.
5 16.6 12.7-19.4 19.0 16.8-20.0 16.0 9.5-21.2 13.7 8.50-18.1
6 17.6 13.9-22.4 18.7 17.3-21.3 15.9 8.6-21.2 13.3 8.20-18.'
7 17.0 12.7-21.8 18.3 16.4-22.9 15.5 7.9-21.2 12.8 8.0-18.4
8 15.6 11.8-19.5 16.0 13.2-18.6 14.7 7.6-18.8 12.1 8.4-18.0
9 14.6 12.8-17.4 15.0 11.3-19.0 13.7 8.2-17.8 10.9 8.3-1610
10 14.4 11.3-17.7 14.8 11.4-17.9 13.9 7.5-19.4 10.2 7.6-14.9
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